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Science and the Learner 


MARLOw EDIGER 


Division of Education, 
North east Missouri State University, 
Kirksville, Missourie, USA 


CAREFUL ATTENTION must be given in selecting 
educational objectives for pupils to attain in 
elementary school science. Teachers, super- 
visors, and principals should cooperatively 
identify relevant educational goals for learners 
in the science curriculum. 


General Objectives 


General objectives are broad in nature and 
are long-term ends for pupils to achieve. 

One category of general objectives for pupils 
to achieve pertains to skills, Skills objectives 
pertain to doing something with increased 
refinement as indicated in the stated goals or 
ends. There are definite skills that pupils need 
to develop in elementary school science. 

1. Observing. It is important for pupils to 
become increasingly proficient in obser- 
ving : 

(a) what is happening in an ongoing 
science experiment. 
(b) what is seen in the natural environ- 


ment during an excursion. 

what is viewed in terms of content 

from slides, films, filmstrips, and 

other audio-visual materials. 
Pupils learn much science content through 

careful observation of what exists in their 

immediate environment. 


(c) 


2. Identifying problems. Learners gene- 
rally reveal much curiosity by identify- 
ing problems and questions in ongoing 
learning activities. The problems and 
questions may be identified in a variety 
of situations involving learning activi- 
ties such as: 

(a) reading and viewing content from 
diverse audio-visual aids. 

taking field trips with teacher gui- 

dance. 

observing and taking part in expe- 

rimentations and demonstrations, 

interviewing individuals who spe- 
cialize in a given area of know- 
ledge. 


(b) 
(c) 
(d) 


To engage in problem-solving activities, the 
pupils must experience a stimulating learning 
environment from which problems and questions 
may be identified. Following the identification 
of a problem or problems in an ongoing unit of 
study in science, the pupil individually or in a 
committee may gather information from a 
variety of sources to obtain related content, 
Adequate time must be given to obtain enough 
data relevant to the solving of the identified 
problem or problems. Ultimately, the learner 
(or learners) should be ready to develop a 
hypothesis (or hypotheses) relating to the pro- 
blem. With further study, the original hypothe- 
sis may need to be revised or modified, 


3. Classifying knowledge. Pupils need to 
develop skill pertaining to classifying 
acquired facts, concepts, and generali- 
zations. Thus, for example, a pupil 
studying a unit on “The Changing 
Surface of the Earth” should ultimately 
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be able to classify rocks as being ign- 


eous, sedimentary, and metamorphic. 


Pupils must then be guided to develop skills 
pertaining to classifying knowledge. Facts, con- 
cepts, and generalizations become vague and 
excessive unless there is a means _ to bring order 
out of a highly relevant societal trend dealing 
with the explosion of knowledge. 


4. 


Communicating ideas. It is highly 
important that each pupil be able to 
communicate content accurately and 
effectively to others. Thus, in oral and 
written communication, pupils need to 
be able to present the following kinds 
of content : 

(a) outcomes of an experiment or 
demonstration, e.g., what happens 
to selected liquids, solids, and 
gases when heated. 

(b) a report, e.g., dinosaurs in their 
natural environment during prehis- 
toric years. 

(c) a summary covering ideas presented 
in a film or filmstrip, e.g., food 
chains and simple food webs. 


In communicating ideas in oral or written 
form, each pupil must present content accura- 


tely: 
(a) 


using appropriate sequence. 


(b) in an interesting manner. 


(c) 
(d) 


using related pictures and other audio- 

visual aids effectively. 

emphasizing meaningful learnings to 

the receiver. 

Being able to use concepts pertaining 

to measurement. There are many occa- 

sions in which pupils need to present 

information to others using quantita- 

tive data : 

(a) In a unit on “How Weather 
Affects Us’, pupils may record 
temperature readings at a selected 


time during each of the days the 
unit is in progress. Both fahrenheit 
and centigrade readings may be 
tecorded. A bar or line graph may 
be developed to show temperature 
readings on each of these days. 
Pupils may also record the amount 
of rainfall during a specific inter- 
val as indicated by the amount 
contained in the rain gauge on 
the school grounds. Air pressure 
may also be recorded on a daily 
basis as is indicated on a class- 
made or commercial barometer. 
(b) In a unit on “Prehistoric Life’, 
pupils with teacher direction might 
develop a related chart on the 
history of important plants and 
animals. On the chart pupils may 
place the different eras and time 
duration of prehistoric times such 
as Precambrian era (approximately 
5,000 + millions of years ago to 
600 million years ago), Paleozoic 
era (approximately 230 million 
years ago to 60 million years ago), 
and the Cenozoic era (60 million 
years ago to the present). Pic- 
tures pertaining to selected plants 
and animals for each of these eras 
may be drawn on this chart by 
committees of learners. 
Developing inferences. It is significant 
for pupils to develop inferences from 
completed observations. Thus, learners 
ultimately need to be able to develop 
generalizations pertaining to numerical 
data, direct observations made of natu- 
ral phenomena, content read, recorded 
factual information, information pre- 
sented on charts and tables, as well as 
from other reference sources. The abilty 
or skill to develop inferences is a_ highly 
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valuable goal for individuals to acquire. 
This skill aids learners in being able to 
accurately summarize or generalize on 
a large amount of content acquired 
from a variety of learning activities. 
The pupils individually then must be 
able to develop meaningful inferences 
from a mass of data. Unless infe- 
rences can be made, learners may feel 
and think that irrelevant isolated 
content is being learned. 

7. Thinking scientifically. Objective and 
unbiased thinking as objectives for 
pupils to acquire in ongoing units of 
study need much attention in the 
science curriculum. Thus, in a unit per- 
taining to “Plants in Our Environ- 
ment”, pupils may identify and study 
diverse variables that are inherent in 
plant growth. These variables may 
then be controlled when conducting 
experiments pertaining to what plants 
need in order to grow. Pupils with 
teacher guidance may then identify vari- 
able such as: 

(a) the type or kind of soil. 

(b) the quality of plants involved in 
the experiment. 

(c) the amount of moisture available 
for each plant. 

(d) the amount and quality of ferti- 
lizer used. 

(e) the amount of sunlight available. 

Pupils may first wish to test how the amo- 

unt of sunlight affects two potted plants. These 
plants contain similar quality stock, soil, mois- 
ture, and fertilizer. One potted plant has a box 
placed over it, while the second potted plant, 
located nearby, has access to the usual amount 
of sunlight. Thus, at selected intervals, pupils 
may notice the effect of sunlight on plants. One 
variable was tested in this experiment—the 
effect of sunlight on plants. 


Following this experiment, all conditions 
may be kept constant using two similar potted 
plants but varying the amout or qulaity of mois- 
ture, fertilizer and then soil. 


8. 


Using needed reference sources. Pupils 
must develop needed skills pertaining 
to the use of reference materials. Only 
then can reference sources be utilized 
in learning activities involving problem- 
solving activities and checking conclu- 
sions previously realized. Each eleme- 
ntary classroom where science instruc- 
tion is involved must have access to 
an adequa tenumber of quality reference 
materials. Their reference materials 
must relate directly to diverse units of 
study in science. Thus, pupils must 
have available up-to-date reference 
sources pertaining to : 


(a) science equipment for experimenta- 
tion and demonstration. 

(b) general encyclopaedias as well as 
science encyclopaedias. 

(c) filmstrips, slides, films, pictures, 
and study prints relating to diverse 
units of study in science. 

(d) cassettes, tapes, records, and a 


radio. 
(e) library books, pamphlets, and 
monographs. 


(f) newspapers, magazines, and perio- 
dicals written for pupils. 

(g) maps pertaining to diverse projec- 
tions and globes containing diffe- 
rent kinds of information. Inclu- 
ded should be a globe representing 
the moon. 

(h) models, e.g., the solar system, the 
human body, and animals (verte- 
brates and invertebrates). 

(i) a terrarium, an aquarium, potted 
plants, and, if possible, a place for 


a small garden on the school 


grounds. 
(j) diverse art media, e.g., crayons, 
water colour, coloured chalk, 


coloured pencils, finger paints, and 

different kinds of paper for pre- 

senting ideas. 

an overhead projector and trans- 

parencies as well as an opaque 

projector. 

In addition to skills objectives, pupils should 
also achieve desirable attitudinal goals. Desira- 
ble attitudes (the affective dimension of the 
human being) guide learners in achieving to 
their optimum in terms of skills and under- 
standings objectives. Which are selected attitu- 
dinal ends which pupils should continually gain 
in elementary school science ? 

1. Being open-minded. It is highly important 
for pupils to continually gather and weigh 
evidence pertaining to developing concepts, 
facts, main ideas, and generalizations. A 
closed mind generally does not desire infor- 
mation to modify or refute what is believed 
presently. Thus, individuals of this caliber 
do not grow in achieving relevant under- 
standings, skills, and attitudes. An open- 
minded individual wishes to learn more and 
obtain the most accurate information possi- 
ble. To develop accurate hypotheses in 
problem-solving activities, an open mind is 
certainly desired. Closed minds have a 
tendency to generalize on an inadequate 
amount of information as well as jump to 
hasty conclusions. 


2. Being curious. For pupils to acquire optimal 
development in achieving understandings, 
skills, and attitudinal objectives in Science, 
curiosity on the part of pupils toward the 
natural environment is very important. 

3. Appreciating the methods of Science. Too 
frequently, pupils do not appreciate the 
opportunities to identify problems or gather 


(k) 
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relevant information for the solving of pro- 

blems. Further weaknesses pertaining to 

pupils’ thinking deal with inadequate 
hypotheses developed as well as inferior 
methods of testing these hypotheses. 

Learners too frequently want to jump to 

hasty conclusions when gathering informa- 

tion to solve problems. 

When pupils engage in problem-solving 
activities in ongoing units of study in science, 
each inherent step in this method of learning 
must receive its share of attention. When 
gathering related data to solve problems, the 
pupil must critically and creatively appraise 
acquired content. Related hypotheses must 
also be evaluated thoroughly. Thus, the pupil 
must be guided to appreciate and utilize flexible 
steps involved in problem-solving situations 
effectively. 

4. Wanting to learn more about a unit of 
Study. — Satisfactory methods should be 
utilized: 

(a) initiate or introduce a new science unit. 
With these initiating activities, pupils 
should develop interest, sense of pur- 
Pose, and perceive Meaning in learnings 
acquired. Learners should also be 
Stimulated to identify questions and 
problems. Learning activities must be 
selected by the teacher which will serve 
as appropriate initiating experiences 
for pupils. 

(b) develop learnings in greater depth with- 
in pupils. Developmental learning 
experiences Should help pupils to con- 
Unually Perceive interest, purpose, and 
meaning in learning as well as develop 
concepts, facts, generalizations, and 
main ideas in greater depth as com- 
Pared to the initiating or introductory 
activities, 

(c) culminate or end a unit. In culminating 
learning activities interest, purpose, and 
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meaningful experiences are as impor- 
tant for pupils as ever. It is sad when 
pupils have “turned off” on a specific 
science unit sometime ago and yet addi- 
tional days of teaching are still left be- 
fore the allotted time for a unit is ended. 
Culminating activities should draw a 
unit of study to a successful conclusion. 
Pupils need to have ample opportuni- 
ties to review learnings previously 
gained as well as to identify new pro- 
blem areas. 

5. Appreciating the 
science which has helped improve stan 
dards of living in the following ways : 


(a) increasing the life span of human 
beings. 
(b) having modern conveniences in the 


home such as centralized heating and 
air conditioning, automatic clothes 
washers and driers, refrigerators, and 
electric lights. 

(c) experiencing fast and efficient means 

of transportation, e.g., jet plane, car, 

bus, and train. 

possessing good means of communica- 

tion, e.g., telephone, television, radio, 

and mail service. 

(e) increasing production of farm crops 
and livestock on farms to provide a 
more adequate supply of food pro- 
ducts. 

(f) experiencing increased production of 
goods and services. 

Understandings objectives are also impor- 
tant for pupils to acquire. Thus relevant con- 
cepts, main ideas, generalizations, and facts 
should be gained by pupils in diverse ongoing 
units of study in science. Understandings objec- 
tives must be selected in terms of specific units 
that are taught. For example, ina unit entitled 

Our Earth and Its Surface”, pupils may 

achieve the following understandings objectives: 


(d) 


contributions of 


To develop within the pupil an understand- 
ing that : 

(a) approximately seventy per cent of the 
earth’s surface is covered by oceans, 
rivers, lakes and other bodies of water. 
mountains change in shape as they 
mature in age. 

(c) the earth continually undergoes change, 

such as the occurrence of earthquakes, 

volcanic eruptions, and erosion. 

there are three kinds of rocks—igneous, 

metamorphic, and sedimentary. Each 

of these kinds of rocks is formed in a 

different way. 

(e) the study of the ocean has become 
increasingly important to human be- 
ings. Oceans, no doubt will provide a 
greater supply of food, water, and 
minerals to human beings in the future, 


(b) 


(d) 


(f) the breaking up of rock ultimately 
makes for topsoil. 

(g) the history of the earth can be studied 
by examining rocks from diverse periods 
of time. 

(h) one or more kinds of minerals comprise 
a rock. 


(i) both the surface of the earth and the 
ocean floor contain diverse geographical 
features such as mountain ranges and 
depressions. 


Specific Objectives 


There are, of course, teachers, principals, 
and supervisors who wish to write specific 
objectives for pupils to attain in ongoing units 
of study in science. These specific objectives 
may then follow criteria such as the following : 
1. It can be measured if learners have or have 

not acquired these ends. 

2. The teacher can observe if pupils have 
achieved each stated specific objective. 
3. These kinds of objectives are written in 


terms of what the pupils will learn asa 

Tesult of teaching. 

Specific objectives may be classified in terms 
Of; 

1. cognitive objectives (the use of the intellect 
in thinking processes). 

2. affective objectives (the attitudinal 
feeling dimension of the human being). 

3. psychomotor objectives (eye-hand coordina- 
tion ; neuromuscular skills). 

The following are examples of cognitive 
objectives written at different levels of com- 
plexity relating to a specific unit of study : 

1. The pupil will list in writing stars compris- 
ing the constellation Ursa Major (the Big 
Dipper). 

2. The pupils will reveal understandings gained 
about planets in our solar system by writing 
a sixty-word paragraph ona planet of his/ 
her own choosing. Comprehension of con- 
tent is stressed in this objective. 

3. The pupil will write an essay on our solar 
system (learners need to utilize related 
previously gained learnings to complete the 
essay). 

4. The pupil will read a science fiction story 
of his/her own choosing and analyze future 
possibilities for realistic space feats from the 
contents (the student is to separate content 
read into categories of future possibilities 
as compared to fantasies in space travel). 

5. The pupil, based on research, will present 
three hypotheses pertaining to possible new 
findings or discoveries on each of these 
planets—Mercury, Venus, Mars, and J upiter 
(thus, pupils need to gather data froma 
variety of reference sources in order to solve 
problems pertaining to “what will be” on 
each of the previously named planets). 

6. The pupil will appraise a completed model 
Solar system (see statement three above) in 
terms of agreed upon standards developed 
through teacher-pupil planning. 


and 
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Psychomotor objectives (the use of the 
muscles or neuromuscular skills) also need to 
be stressed amply in ongoing units of study. 
The following psychomotor objectives may be 
emphasized in diverse elementary school science 
units : 

I. The pupil will make a model dinosaur of 
his own chosing using clay (after instruc- 
tion it can be determined if a pupil can or 
cannot complete a model dinosaur). 

2. Three pupils in a committee will complete 
a diorama on a selected scene from pre- 
historic times (it can be determined, asa 
result of a variety of learning experiences, if 
learners can or cannot complete a diorama 
on prehistoric life). 

Affective objectives (attitudinal dimension) 
are more difficult to write as compared to 
Cognitive and psychomotor domain goals. How- 
ever, affective objectives are highly important 
for learners to acquire. Thus, general attitudinal 
objectives such as the following are important 
for pupils to achieve: 

1. The pupil will develop feelings of an ad- 
equate self-concept. 

2. The learner will develop positive attitudes 
toward others. 


3. The pupil will develop an inward desire to 
learn. 


_Each of the above attitudinal or affective 
Objectives is important for pupils to achieve. 
None of them, however, are stated in measura- 
ble terms. Thus, in objective number one, it 
does not state how much of an adequate self- 
concept the pupil needs to develop. In objective 
two, vagueness exists in terms of how positive 
the learner’s attitudes need to be toward others. 
Nor does it state in objective number three 


how much of an inward desire to learn is to be 
developed within the pupil. 


; Specific measurable objectives in the affec- 
tive domain could include the following : 
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1. The pupil will voluntarily read a library 
book on space travel and report his/her 
findings to three peers ina committee setting 
(it can be measured if a learner has attained 
this specific objective). 

2. The learner will volunteer to construct a 
hygrometer, a wind vane, or an anemometer 
(in a related unit of study, the teacher can 
measure, after specific intervals of instruc- 
tion, if pupils become intrinsically motivated 
to construct each of the objects mentioned 
previously). 

In each of the previously named specific 
objectives, the affective or attitudinal dimension 
is stated in pupils engaging in an act volun- 
tarily. To stimulate pupils in wishing to achieve 
each of these objectives, the teacher would need 
to utilize appropriate readiness experiences. 
Thus, to stimulate pupils to achieve each 
objective numbered above, the teacher could : 
1. show interesting illustrations and tell a little 

about the content of selected library books 

on space travel. 

2. show pictures of and discuss the purposes 
of hygrometers, wind vanes, and anemo- 
meters. 

3. show and discuss contents of a filmstrip 
pertaining to dinosaurs in prehistoric times. 

4. guide pupils to read about and discuss 
important happenings in the lives of famous 
scientists, such as Albert Einstein and Louis 
Pasteur. 


Summary 


Objectives for learners to achieve must be 
carefully selected and clearly stated. Important 
general objectives for pupils to acquire in- 
clude: 

1. being a good observer. 
2. being able to identify questions and pro- 
blems. 
3. classifying knowledge appropriately. 
4. communicating content clearly. 
5. measuring natural phenomena accurately. 
6. developing reliable inferences. 
7. thinking scientifically. 
8. using reliable reference sources. 
9. being open-minded. 
10. being curious. 
11. appreciating the methods of science, 
12. wanting to learn more about ongoing units 
of study in science. 


13. appreciating the contributions of science. 


Specific objectives may also be written for 
teaching-learning situations. These kinds of 
goals may be divided into: 


1. cognitive abjectives (use of mind or in- 
tellect). 

2. affective objectives (attitudinal and feeling 
part of the human being). 

3. psychomotor objectives (use of neuromus- 
cular skills). 
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Life of our Sun 


M. MEYYAPPAN AND C, SUBRAMANIAN 


Department of Physics, 
Rajah Serfoji Government College, 
Thanjavur 


—_—_—_—_—_—_———— 


OUR SUN is constantly radiating energy and yet 
its temperature is sensibly constant about 6000 
K at the surface and 15,000,000 K and More at 


heavier nucleus 
O—proton, 
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O—neutorn 


Nuclear fission 


m, +m:<m Fig. 1 


the centre. The source of energy of the sun and 
Stars is the most interesting and intriguing pro- 
blem. Chemical reaction (fossil fuel) and con- 
version of gravitational energy into heat energy 
are ruled out as they do not account for their 
unusually long life span. R. de’ Atkinson and 
F. G. Hountermans (Germany) pointed out 
that nuclear fusion may be the possible source 
of energy to the sun and stars. The process of 
combination of two or more light nuclei into a 
single comparatively heavier nucleus is called 
nuclear fusion. It is quite opposite to nuclear 
fission where a heavier nucleus like that of 
Uranium is split up into moderately heavier 
nuclei called fission fragments (Fig. 1.). 


It is noted that both the fission and fusion 
are exothermic reactions, ie., nuclear reactions 
in which energy is evolved. The liberation of 
energy in these nuclear reactions can be explai- 
ned on the basis of the principle of equivalence 
of mass. Einstein’s special theory of Relativity 
shows that mass is a form of energy and it can 
be changed into energy and vice-versa. If a 
mass is dissociated, energy is evolved and if 


mass m 


light nuclei 


Product nucleus 
—proton, 


O—neutorn 
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the energy is associated, mass is formed (Fig. 2.). 


> dissociated 
|___—- — >! 
Matter | Energy 
igs 
associated ee 
Fig. 2 
The release of a tremendous amount of 


energy during these nuclear reactions implies 
that a deficit of mass exists between reactants 
and products, which in turn gets converted into 
energy. This deficit of mass is called mass decre- 
ment. When a mass of m kilogram is demate- 
rialised, the amount of energy liberated :s wor- 
ked out to be E = mc? joule, where c is the 
velocity of light, the value of which in vacuum 
is 2.998 x 108 m/sec. Since c® is very large, 
even a small amount of mass will deliver a large 
amount of energy. 

Since the sum of the masses of the indivi- 
dual light nuclei is greater than the mass of the 
resultant nucleus formed by their fusion, energy 
is liberated during fusion. The enormous amo- 
unt of energy so liberated is responsible to 
make all stars including our sun to shine. 

Many reactions between nuclei of low mass 
number can be brought about by accelerating 
them. Let us consider, for example, the forma- 
tion of helium nucleus as a result of the fusion 
of two deuterons. 

D2 + yD? —-> 2He! + h? 

This reaction is simply denoted by ,D® GD*, 
h?) sHe*. The symbols in the left and right of 
the bracket stand for the target and the pro- 
duct nuclei respectively. The two symbols with- 
in the bracket refer the projectile and the out- 
going particle. The mass decrement in the 
deuteron-deutron fusion reaction is calculated as 
follows : 

atomic mass of deuterium =2.014103 amu 
mass of reactants=2 x 2.014103 = 4.028206 amu 
atomic mass of ,He* =4,002604 amu 


———_——————_ 


mass decrement AM =0.025602 amu 


Atomic masses are usually expressed in terms 
of atomic mass unit and it is equal to 1/12 of 
mass of an carbon atom ,C, the nucleus of 
which contains 6 protons and 6 neutrons. It 
can be shown that atomic mass unit is the 
reciprocal of Avogadro’s number. In terms of 
our conventional mass unit, one atomic mass 
unit is equivalent to 1.661 x 107°? kg. The 
energy equivalent of one atomic mass unit is 
therefore, 


lamu = (1.661 x 107? kg) x (2.998 
x 108 m/sec™1)? 
= 1.491 x 107? joule 
1.491 x 1071° joule 
~~ 1,602 x 10725 j. (MeV)-1 
= 931.5 MeV 


where MeV stands for Million electron Volt 
and is equal to the kinetic energy acquired by 
an electron when it falls through a potential 
of one million Volt. Hence the energy released 
during the fusion of two deuterons : 


= 0.025602 amu x 931.5 MeV/amu 
= 22.84 MeV 


The energy released per fusion for different 
reactants have been worked out and 


: are 
tabulated in Table 1. 
TABLE 1 
ENERGY RELEASED PER FUSION REACTION 
Reaction Energy released 
in MeV 
1, yH?QH!, e+) 1D? 0°42 
2. ,D°GH!, h”) :He* 550 
3. yHXon!, h”) ,D? 2°26 
4, 4D%jD*, on?) eHe* 3°25 
5. 1D%(,D*, 1H") :T® 400 
6. 1T°GH1, h”) :He* 19°70 
ee 


The nuclear fusion cannot be so easily done 
since the two reacting nuclei are positively 
charged and as a consequence of it, they ex- 
perience Coulombian repulsive force. To achieve 
fusion, the two nuclei involved must have 
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enough kinetic energy to overcome this mutual 
repulsive force. This want of energy increases 
with the nuclear charge Z, so that fusion reac- 
tion between low Z-nuclei are the easiest to 
produce. For that, it is necessary either to 
accelerate the projectiles to very high speed 
with modern accelerating machines or to heat 
the sample to very high temperature. At very 
high temperature, the thermal motion will be 
more vigorous and hence the nuclei may have 
sufficient energy to overcome the Coulombian 
repulsive force. Such a situation is naturally 
existing in all stars. H. Bethe, a physicist at 
Cornell University, USA, showed that a chain 
of nuclear transformations is responsible for the 
production of solar energy. There are two 
important modes of chain of nuclear transfor- 
mation. They are called proton-proton chain 
and carbon-nitrogen cycle. In both the modes 
of reactions, the resultant reaction is the forma- 
tion of a helium nucleus out of four hydrogen 
nuclei. It is worked out that an energy of 
25.70 MeV is released per cycle of such a nu- 
clear transformation. 

The sun has been continuously providing 
us energy for a long time. According to the 
theory of stellar energy of nuclear origin, the 
solar energy becomes available as long as 
hydrogen nuclei (proton) are present in the 
sun. Hence if we know the total mass of 
hydrogen present in the sun and the rate at 
which they are converted into helium, one can 
estimate the life of our sun. 


Rate of energy production inside the sun 
can be determined with the knowledge of the 
value of solar constant. The solar constant is 
defined as the amount of energy received from 
the sun by the earth per minute per square 
meter of the surface placed normally to the 
sun’s rays at the mean distance of the earth 
from the sun in the absence of the atmosphere. 
Its value is 1.937 calorie per minute cm-2. In 
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terms of joule it is equal to 1346 j sec? m=. 

The mean distance between the sun and 
earth is 149 x 10°m. It means that sun’s 
energy flows at the rate of solar constant in an 
area equal to 4 (149.6)? x 108 m2. A simple 
calculation shows that the rate of production 
of energy in sun (dE/dt) is 3.7876 x 10% 
jsec™. With this knowledge, the life of the sun 
can be estimated. Since the energy released per 
reaction (4;H? —» He! + 2 e+) is 25.70 MeV 
(= 41.17 x 10° j), the number of reactions 
(N) that takes place per second inside the 
sun is, 


— 3.7876 x 1026 : 
N= GLIT x 9s = 9.1996 x 10” 


Since in every reaction four hydrogen nuclei 
are fused, total number of hydrogen nuclei that 
are fused together in one second so as to 
produce the above rate of Production of energy 
is: 

4 x 9.1996 x 1937 — 36.7984 x 1037 


Converting into Mass, we get, 
36.7984 x 10 x 1.008 
6.023 x 102% 
= 6.1585 x j0U kg 


TABLE 2 
RELATIVE ABUNDANCE OF .ELEMENTS IN SUN 
Element Abundance Percentage 
i a 
Hydrogen 1,000,000 90.81266 
Helium 100,000 9.08126 
Oxygen £00 0.04540 
Nitrogen 400 0.03632 
Carbon 200 0.01816 
Magnesium 33 0.00299 
Silicon 20 0.00181 
Sulphur § 0.00072 
Aluminium 2 
f 0.00018 
Sodium 2 0.00018 
Calcium 1.5 0.00013 
Tron 155 0.00013 
a ee 
ee eS 
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It means that every second a mass of 
6.1585 x 10"! kg of hydrogen is fused inside 
the sun. The total amount of hydrogen present 
in sun can be estimated from the relative abun- 
dance of elements and is given in Table 2. This 
estimation can be done with the spectral data 
of the solar radiations. 

Since the mass of sun is 1.99 x 10° kg, the 
mass of hydrogen content in sun is : 
1.99 x 10° x 0.9081266=1.807172 x 10°" kg. 
Knowing the total mass of hydrogen present 


in sun and the rate at which this hydrogen is 
depleted, the life of sun can be approximately 
estimated. 

1.807172 x 10% 
6.1585 x 104 

» 9.487 x 10'° years 

Hence, our sun can give tolerate heat radiation 
to earth for another 10° years. After that, the 
temperature of the sun will be extremely high 
and it is doubtful whether the sun would be 
stable at such thermal condition. oO 


Life of sun = sec 


Astronomical 
Observatories of 
Maharaja Jai Singh 


UMASANKAR MITRA 


Post Graduate Teacher (Physics), 
Kendriya Vidyalaya, 
Vasco de Gama, Goa 
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MAHARAJA JAI SINGH II of Jaipur was a astro- 
nomer of high calibre of the 18th century. He 
found that the positions of heavenly bodies 
obtained from the tables in common use in his 
days varied widely from those determined by 
actual observations. Especially, in the case of 
time of the new moon, the computation did not 
agree with observation. So, he constructed five 
observatories at Delhi, Jaipur, Mathura, Ujjain 
and Benaras for preparing more accurate astro- 
nomical tables from observations made at these 
observatories. In those days brass instruments 
were used for making such observations. But 
the smallness of their size, their shaking at the 
time of taking measurements and normal wear 
and tear limited the accuracy of these instru- 
ments. Jai Singh felt that because of these rea- 
sons the measurements made by ancient astro- 
nomers like Hipparchus and Ptolemy were 
inaccurate. These considerations led him to 


construct huge instruments of stone and mortar 
construction. 

The Jantar Mantar at Delhi is the first such 
observatory constructed by Jai Singh. It was 
Constructed in the year 1710 A.D. The observa- 
tory is not in use now. But it is a centre of 
tourist attraction. A visitor to this place will be 
amazed at the sight of huge instruments of 
masonry construction. They were used to mea- 
Sure the position and movement of the sun, 
moon, planets and stars, 

The most impressive Structure at the Delhi 
Jantar Mantar is the Samrat Yantra, the huge 
Sundial. It has the shape of a tight angled 
triangle. On two sides of this triangle there are 
two arc shaped quadrants whose centres lie on 
the hypotenuse of the triangle. The vertical 
plane of the right angle is in the true geographi- 
cal north-south direction. The hypotenuse 
makes an angle of 28° 39/ with the horizontal 
north direction which is equal to the latitude 
of the place. It is exactly parallel to the earth’s 
axis of rotation, If you look up at the sky 
along the direction of the hypotenuse, you will 
find the Pole Star (Dhruva Tara) there in the 
night time, 


The right angled triangular shaped structure 
of the sundial 


time by looking at the Position 


of the edge of 
the shadow On the 


quadrant. This time is the 


to the celestial equator. 
Us obtained can be con- 
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verted into Indian Standard Time by taking 
into consideration the longitude of the place 
of observation. 

In one hour the sun moves apparently by 
an angle of 360/24 or 15°. So, a division of 15° 
on the quadrants represents | hour. There are 
graduations on the hypotenuse of the gnomon 
also. They begin from central points of the 
gnomon upwards and downwards. They are 
used to measure the declination of a heavenly 
body, its angular distance north or south of the 
celestial equator. The celestial equator is the 
projection of the earth’s geographical equator 
on to the sky. The heavenly body whose decli- 
nation is to be measured has to be seen from 
one edge ofa quadrant in such a way that it 
just grazes the hypotenuse of the gnomon. A 
thread held straight should be used to bring it 
in one line with one edge of the hypotenuse of 
the gnomon and one edge. of a quadrant. The 
reading on the hypotenuse will give the decli- 
nation of the heavenly body. In the case of the 
sun and moon, instead of using a thread a 
small stick may be moved along the hypote- 
nuse, and the reading of the point on the hypo- 
tenuse has to be taken when the shadow of 
this stick coincides with one edge of a quadrant. 
If the heavenly body is north of the quadrant 
then the scale on the upper side of the hypote- 
nuse have to be used. If it is south of the celes- 
tial equator then just the opposite have to be 
done. The edges of the quadrants are in the 
plane of the celestial equator. At the top of 
the Samrat Yantra (huge sundial) there is a 
smaller sundial of horizontal dial type. 

The graduations on the Samrat Yantra at 
the Delhi Jantar Mantar have worn out in 
many places. Parts of the quadrants are below 
the ground level. For a part of the year they 
remain partially submerged under water, ren- 
dering them unusuable. 

The Rama Yantra consists of two circular 
buildings. There is a central pillar in each of 


these two buildings. Each central pillar is sur- 
rounded by a circular wall whose height is 
equal to the height of the central pillar. The 
circular walls are not continuous ones. They 
consist of identical vertical pillars kept at equal 
distances from each other round the central 
pillar. The space between two pillars of the 
wall is equal to the breadth of the pillar itself. 
The pillars of the wall are connected to the 
central pillar by sectors of a circular horizontal 
floor, leaving spaces between two sectors. The 
vacant space in one circular building corres- 
ponds to filled up space in the other circular 
building. The two buildings are thus comple- 
mentary to each other and form one single 
instrument. 

This instrument is used to measure the alti- 
tude of a heavenly body above the horizon, and 
its azimuth, that is, its angular distance from 
the north direction measured along the horizon 
towards the east. In the case of the sun and 
the moon, they can be measured by seeing the 
position of the shadow of the central pillar, 
On the pillars of the circular wall altitude has 
been graduated from O° at the top to 45° at 
the bottom where they meet the horizontal sec- 
tors. On the sectors of floor altitude has been 
marked from 45° at the end to O° where the 
sectors meet the central pillar. Graduations for 
the azimuth have been marked on the horizon- 
tal sectors. Suppose we want to make measure- 
ments for the sun. If the shadow of the central 
pillar cast by it falls on the inner part of one 
pillar of the wall or on a sector of one circular 
building, then it will fallin the vacant space in 
the other circular building where measurements 
will not be possible. 

Apart from the Jantar Mantar at Delhi the 
author visited the observatory (vedhsala) at 
Ujjain. This observatory has now been named 
as Shri Jiwaji observatory. It is now under 

Education Department of the Govt. of Madhya 
Pradesh. The instruments of this observatory 
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are maintained in a nice way, and all of them 
are in good working condition, This is unlike 
what is seen in the Jantar Mantar at Delhi. 
The outward maintenance is good in Delhi 
also, but the instruments there are not maintai- 
ned from the point of view of their proper 
functioning. The Samrat Yantra (sundial) at 
Ujjain is smaller in size than that of Delhi. The 
author measured time in this instrument and 
found it to be correct within fraction of a 
minute. A list of correction has been written 
ona board to convert the apparent local time 
into Indian Standard Time. 

At the Ujjain observatory there is a Shanku 
Yantra. It is a_ vertical pole fixed at the centre 
of a horizontal circular base. Zodiac signs 
(rashis) have been marked on the circumference 
of this circle. The position of shadow of the 
central vertical pole shows the position of the 
sun among the rashis in the sky. The path 
followed by the tip of the shadow on the days 
of equinoxes (March 21 and September 23) and 
solstices (June 22 and December 22) have been 
marked on the base. It is a Straight line on the 
days of the equinoxes. The path is the same for 
both the equinoxes, and only one straight line 
has been drawn for both the days. For all other 
days the paths will be curved. The paths are 
curved in two opposite directions on two sides 
of the straight equinoctical path. The length of 
the midday shadow on the days of equinoxes 
is a measure of the latitude of the Place in 
terms of the height of the vertical pole, 

There is a modified version of the Rema 
Yantra of Delhi observatory at Ujjain. It con- 
sists of a single circular building with a vertical 
pillar at the centre, The heights of central 


pillar and of the circular wall are the same. 
Graduations are marked on the top of the cir- 
cular wall for the measurement of azimuth. 
Altitude can be measured by keeping one small 
portable instrument on the central pillar. 

There isa tall vertical rectangular wall at 
Ujjain observatory with its plane in the geogra- 
phical north-south direction. There are two big 
graduated arcs engraved in this wall. Their cen- 
tres are at two Opposite sides (on the same 
face, but one at the north and the other one at 
the south) at the top of the wall where two 
nails are fixed to which threads can be tied. 
This instrument is used to measure meridian 
zenith distance of a heavenly body, that is, its 
angular distance from the vertical direction 
when it is in the vertical Plane passing through 
the north-south direction. 

The Jantar Mantar at Delhi is maintained 
a the monument by the Archaeological Survey 
of India. After a visit to this place a person 
will come back with the feeling that astronomy 
isa very difficult subject which is beyound the 
comprehension of an ordinary untrained per- 
son. The explainations given by the guides 
there are not convincing enough. A small book- 
let is available on this observatory. It also does 
not explain the instruments in a lucid way. But 
with the help of an astronomer this Jantar 
Mantar can be converted into a very good cen- 
tre for educational activities. If a small tele- 
Scope is added to it and visitors are allowed to 
look through it during the night time then it 
will be of great Service to the children of Delhi. 
We should not keep astronomy as q mystery. 


Let people understand it and enjoy the beauty 
of the heavens, Oo 
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NOMENCLATURE OF carbon compounds is the 
basis of organic chemistry. This topic on 
nomenclature can be taught by lecture method 
supplemented by charts depicting the structures 
and names of different compounds followed by 
practice by the pupils. This unit covers the 
nomenclature of only open chain carbon com- 
pounds and can be developed under the 
following heads : 
I. Necessity of naming the carbon com- 
pounds in IUPAC system 
2. Naming of different homologous series 
3. Rules for naming carbon compounds 
4. Practice for naming the compounds in 
IUPAC system 
5. Practice for writing the structural 
formulae of some carbon compounds. 


Necessity of Naming the Carbon Compounds 
in IUPAC System 


Lakhs of carbon compounds are known to 
the chemists. It is very difficult to study all the 
compounds individually. Their study has been 
facilitated by classifying them into certain 
families or groups of compounds on the basis 
of their common properties. Such families are 
given the name of homologous series. 

During ancient times, a newly discovered 
compound was named on the basis of its source/ 
origin. For example, CH;COOH was named as 
acetic acid because it was obtained from vinegar 
called acetum in Greek language. Similarly 
CH;,OH was named as wood spirit because it 
was obtained by the distillation of wood. 
CH;COOH _ was named as malic acid because 


duoncoon 

it was obtained from malum (rotten apples), 
This system of naming of organic compounds 
is called common or trivial system. It became 
difficult to name the compounds by this system 
because the number of compounds obtained 
from the same source started increasing with 
the passage of time. Therefore, a need was felt 
to name the compounds according to their 
structure and properties. This system is called 
IUPAC (International Union of Pure and 
Applied Chemists) system. However, in many 
cases the common names are quite popular. 
Therefore, naming of compounds both in 
common as well as in IUPAC system should 
be discussed for some homologous series, 


Naming of Different Homologous Series 


In IUPAC system, the total number of 
carbon atoms present in the straight chain ofa 
compound is counted and the corresponding 
alkane (containing same number of carbon 
atoms) is considered as the parent compound. 
The suffix ‘ane’ of alkane is now Teplaced by 
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the suitable suffix for that homologous series 
‘ene’, ‘yne’, ‘ol’, ‘al’, ‘one’ and ‘oic acid’ are the 
suffixes for the homologous series of olefins, 
acetylenes, alcohols, aldehydes, ketones and 
carboxylic acids, respectively. The author has 
observed a general confusion prevailing among 
students in naming the aldehydes and alcohols 
in LUPAC system. It should be emphasised 


Compound Class 


IUPAC 
i. = Olefine 


ii. —do— 
iii. Acetylenes 
iv. —do— 
v. Alcohols 
vi. Aldehydes 
vii. CHs — CH: — CHO Aldehydes 
viii. CH; — C— CH: 
i Ketones 
re) 
ix, CH; — COOH Acids 


< 


very clearly that ‘ol’ stands for alcohols 
and ‘al’ for aldehydes. The very minor diffe- 
rence in the nomenclature of CH;CH,COOH 
in common and IUPAC system should be taken 
note of. Nomenclature of compounds of diffe- 
rent homologous series should be discussed in 
detail at this stage. Names of a few compounds 
are given in Table ], 


NOMENCLATURE OF SOME SIMPLE ORGANIC COMPOUNDS 


TABLE 1 
a 
Suffix in Common IUPAC 
Name Name 
ene Ethylene Ethene 
ene Propylene Propene 
yne Acetylene Ethyne 
yne Methylacetylene Propyne 
ol Ethylalcohol Ethanol 
al Acetaldehyde Ethana] 
al Propionaldehyde Propanal 
one Acetone on Propanone 
Dimethyl! ketone 
Oic acid Acetic acid Ethanoic acid 


x. CHs — CH:—COOH Acids 


oic acid Propionic acid Propanoic acid 


The students may be asked to prepare 
charts showing the nomenclature alongwith 
structures of compounds of different homo- 
logous series. For understanding different 
Structures students may be shown models pre- 
pared with the help of balls and sticks, 


* Rules for Naming Carbon Compounds 


There are a few rules given by the IUPAC 
committee for naming more complicated com- 
pounds. These rules may be discussed with the 
help of suitable examples as given below : 

() Longest Chain Rule: First of all the 
longest chain of carbon atoms present in the 
compounds is selected and the compound is 
named as a derivative of the corresponding 


paraffin. Let us consider the following com- 
pound (A). 
CH, 
| 
et le ey 


ee CH; 
CH, 
(A) 

The compound (A) will be taken as a 
derivative of hexane containing six carbon 
atoms and not that of pentane containing five 
carbon atoms, the H atoms of some carbon 
atoms being replaced by some other atoms or 
groups, also known an substituents. 

(ii) Lowest Number and Lowest Sum Rule: 
After selecting the longest chain of carbon 
atoms, the next Problem is to give numbers to 
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the carbon atoms so that the position of sub- 
stituents can be indicated. The numbering is to 
be done from that end which gives lowest 
number to the substituent. If numbering from 
both the ends gives the same number to the 
\ substituents then numbering from that end is 
considered so that the sum of the numbers used 
to indicate the position of substituents comes 
out to be the lowest. The compound (A) can 
be given two names following numbering from 
two different ends. 
CH; 


| 
CH,-C!-C*H,-C?H-CHy 
CH, 


| 
i 
eCHs 
2,4,4-Trimethylhexane 
(Right) 
CHs 


| 
ns iaieds Walaa 


.CH, CH, 


ce, 
3,3,5-Trimethylhexane 
(Wrong) 
The correct name of the compound will be 
2, 4, 4-Trimethylhexane, the numbers 2, 4 and 
4 indicating the position of the substituents. 
Let us now consider another compound (B) 
iy 


CHs CH 


| | 
HyC-Cliy@-CHyCH-CHy CH 


CH; 
(B) 

This compound has the longest chain of 7 
carbon atoms. So this compound can be con- 
sidered as derivative of heptane in which two 
H atoms from one carbon atom have been 
replaced by two methyl groups and one H atom 


17 


from another carbon atom by ethyl group. 
Counting of carbon atoms from the two ends 
gives the following two names to the com- 
pounds: 


CHs 
CH; ba, 
2,008, cH, GasCH, "CH, 
cH, 
3, 3-Dimethyl-5-ethyl-heptane 
CH; 
CH; CH, 
ea ‘CH,*CH!CH,ICH, 
dus, 


3-Ethyl-5, 5-dimethyl-heptane 


In first case, sum of the numbers indicating 
the positions of the substituents is 11 (3+-3++5) 
whereas in the second case the sum comes out 
to be 13 (3+5-++5). So the correct name of the 
compound (B), according to this rule, is 
3, 3-Dimethyl-5-ethyl-heptane. 


(iii) Alphabetical Arrangement of Prefixes : 
If there are more than one substituents/func- 
tional groups present in the compounds, these 
are to be arranged in a alphabetical order after 
proper numbering according to rules (i) and 
(ii), When two or more than two identical 
sidechains/substituents are present, numerical 
prefixes di-, tri-, etc. are used before the names 
of such substituents. However, these numerical 
prefixes (di-, tri- etc.) are not considered while 
arranging the substituents alphabetically. In the 
light of this rule, the name of the compound 
(B) needs some modification. The correct name 
of compound B, therefore, is 5-Ethyl-3, 
3-dimethyl-heptane (Ethyl arranged first and 
dimethyl later on because ‘E’ comes first than 
‘MW. 
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(iv) Lowest Number to the Functional Group : 

If a compound contains a functional group, 
the numbering is done in such a way so that 
the functional group gets the lowest number 
though in doing so the rule of lowest sum is 
violated. 
Let’s consider compound (C) 

CH, 

HCCHAC-CH.CH-OH 
CH, OH 
(C) 

It can be assigned the following two names 
as per numbering of carbon atoms from left or 
right. 

CH; 


| 
BES CH A OCH ACH, 


CH; OH (Right) 
4,4-Dimethyl-hexanol-3 

CH 

| 

"CH "CHSCSCH-'CHSCH, 

CH; OH 
3,3-Dimethyl-hexanol-4 (Wrong) 

The former name is correct because it gives 


number three to alcoholic group whereas the later 
name gives number four to alcoholic group. 


(*) Naming Polyfunctional Compounds : If a 
compound contains more than one functional 
group, the Priority in numbering is decided in 
the following pattern : 

(a) Acids 

(b) Acid derivatives €xcept nitriles 

(c) Aldehyles 

(d) Nitrides 

(e) Ketones 

(f) Alcohols 

(g) Amines 

(bh) Ethers 

(i) Alkynes 
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(j) Alkenes 
(k) Halogens 
() Alkyl substituents 


Let us consider compound (D) for naming, 
CH; 


| 
"CHs*C=5C-4CH--CH ="CH-ICH,OH 
(D) 


The following exercise will 
name the compound (D) : 
(i) Selection of longest chain—It contains a 


chain of 7 C atoms So this is a deriva- 
tive of heptane. 


be necessary to 


(ii) Identification of functional groups and 
substituents—It contains one -OH group, 
one double bond, one triple bond and 
one methyl group, 

(iii) Position to the functional groups/sub- 
stituent—numbering will be done from 
right giving number 1 to alcoholic 
group, 2 to double bond, 4 to methyl] 
group and S to triple bond, 

(iv) Alphabetical arrangement of prefixes—- 
‘ene’ will come first and ‘yne’ later on. 
Thus the correct name of the compound 
(D) will be : 
4-Methylhept-2-ene-5-yne-]-ol, 

Practice for Naming the Compounds in IUPAC 
System 

After discussing different rules for nomen- 
clature, now the Students should be asked to 
Practise the naming of different types of com- 
pounds starting from simple to complex ones. 
Given below are a few compounds for practice. 
Many more can also be tried : 


(i) 5 ia fi sas 

OH OH OH 
(ii) CH.=CH-CH=CH, 
(iii) CH:=CH-CH,-CH,-OH 
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ee CH, 
| 
(iv) CHy-C-CH-C-CH, 
CGH; CH, 
(v) cine ia in 
| 


Br CH, 
(vi) CH-CH-CH-CH, 
Cl OH 
(vii) CH3-CH.-~CH-CH,-CH, 
CH,OH 
(viii) HO-CH.-C=C-CH,-OH 
(ix) CH.=CH-CH.-CH-CH=CH, 
OH 
(x) Saas 
fo) 
(xi) (CHs)3 C CoH 


(xii) (CH,)3 C OH 
(xiii) CH CH-CHyCH-CHeCOOGH, 


Br CHs 
(xiv) H,N-CH.-CH,-C-CH2-CH-CHs 
i 
oO CHg 


(xv) i caliaealll tes tant ial 
OH CH; OCH; 
The naming of all these compounds will 


give the students a chance to apply their know- 
ledge of different rules for naming acompound. 


Practice for Writing the Structural Formulae of 
the Compounds 


Under this exercise, the students will prac- 
tise writing the structural formulae of the 
compounds. For writing the structural formula 
of a compound, the students should be told to 


put the number of C atoms indicated by the 
parent alkane in a straight line. The C atoms 
should be numbered from left to right and the 
substituents/functional groups be attached at 
the indicated positions. In the end, the tetra- 
valency of carbon atom should be satisfied by 
putting the requisite number of H atoms with 
them. Structural formula of 4-Ethyl-6-methyl- 
octane, for example, can be derived in the 
following steps : 

(i) Writing of 8 carbon atoms in a straight 
chain because the compound is a 
derivative of octane 
C-C2-C3-C}-C®-C8-C?-C8 

(ii) Putting ethyl group (-C,H;) at carbon 
number 4 and methyl group (=CH,) 
at carbon number 6 
C1.C?-C3-C4-C5-C8-C7-C8 

| | 
C,H; CHg 


(iii) Satisfying the valency of each carbon 
atom with the help of H atoms gives 
the structure of the above compound. 


a ee rae 
2 
C.H; CH, 


Students can practise writing the structure 

of the following carbon compounds : 

1. 1,3,5-Octatriene 

2. 4-Methyl-2-pentyne 

3. 3, 4-Dimethyl-hexanal-] 

4. Tetramethyl methane 

5. 3-Chloro-2-methyl propene-] 

6. Pentanone-2 

7. 2-Bromo-3-methoxy hexanoic acid 

8. 6-Methyl-4-oxo-heptylamine 

9. 2-Methyl-2-phenyl-propane 

10. 3-cyano-1-pentanoic amide 
Understanding of the above rules can further 

be tested by giving the wrong names of the 
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compounds and asking them to write the (i) 5-Methyl-heptane 
correct names after removing the objections. (ii) Methyl-isopropyl-methane 
The following exercise may be tried in this 


direction. Why are the following names (ii) 3-Methyl-4-heptene 
objectionable ? 


(iv) 2, 2, 4-Trimethyl-3-pentene 
Give the correct IUPAC names to each: (v) 2,2-Dimethyl-3-butene. 
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Procedure of Finding Any Root of Any Whole 
Number 


Let ANy arbitrary number be ‘ABCDEFGHI’ 
where IHG,... denote digits in units, tens, etc. 
places and its nth root is to be found out. First 
of all, let the given number be divided into 
some groups (viz. Ist group, 2nd group, 3rd 
group, 4th group etc.) each consisting of n 
digits beginning from the digit in the units’ 
Place. The first group beginning from the left 
side of the given number may, however, consist 
of n digits or less than n digits. Then the 
Problem can be solved. 


Short-cut Method of Calculation 


Ist 2nd 3rd sce 

group group group ?°% 
n 

a 


Ist divider 
n n-1 
cl x (ax 10) 

+Me9 x (ax 10) 
-3 2 

+3 x (ax 10) xb 

ae on — 1a x 10) 

xbr2 +b" 


Ist divider x Ist trial number 


2 


First residue 
with second 
group==Ist 
remainder 


"cA x (ab x 10)" 7 residue with 
“2 td group=2nd 

+M2x(abx10)" xd | ronigirde 

2nd divider x 2nd trial number 


2nd divider. **""""* Tha =I x (abx 10)" +4 n-1 


3rd residue with 4th group = 3rd remainder 


Explanation of the Method 


First of all, for the first group, we should 
try to find the relatively biggest number (say, 
a, varying from 1 to 9) the value of the nth 
power of which does not exceed the number of 
the first group. The number thus found out 
should be placed on the quotient side of the 
problem. The value of its nth power (say, a”) 
should be written under the first group and the 
value should be subtracted from the first group. 
The result of substraction (say, Ist residue) and 
the 2nd group of the given number placed on 
the right side of it, should be taken as the first 
remainder. 

Then the first divider is formed in the follo- 
wing manner : 


i 


joes woe 
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"c, x (the first number in the quotient side 
ie, ax 10)" 4+4"c, x (ax 10)? x (the first 
trial number, say, b)-+ "cg x (a x 10)?-3 x b? 
Sede wos +¢n_y (ax 10) x b™-2-+- 7-1, 


The first trial number (say, b), being the 
relatively biggest (varying from 0 to 9, indica- 
ted by the circle in the first divider of the pro- 
blem) should be chosen in such a way that the 
product of the first divider (formed in the above 
manner) and the first trial number does not 
exceed the first remainder. The first trial num- 
ber (b) having been found out should be placed 
on the first divider’s place (indicated by the 
circle in the first divider of the problem) as well 
as by the right side of first number of the quo- 
tient side. Then the product of first trial num- 
ber (i.e. b, placed by the right side of the first 
number in the quotient side) and the total (i.e. 
the actual first divider) should be written under 
the first remainder. The product should be 
subtracted from the first remainder. The result 
of subtraction (say, second residue) and the 
third group of the given number placed on the 

tight side of it should be taken as the second 

remainder. Again the second divider should be 
formed in the following manner —"c, x (the 

number consisting of two digits in the quotient 

side, i.e. ab x 10)"-1-1.%, x (ab x 10)"~* x (the 2nd 
trial number say, d)+"c3 x (ab x 10) x "3 x q2 

Se oaiason +"Cn_q (ab x 10) x du-2-L gr-1 
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der of the problem) as well as by the right side 
of the second number of the quotient side. Then 
the product of the second trial number (i.e.d, 
placed by the right side of the second number 
in the quotient Side) and the total (i.e. the 
actual second divider) should be placed under 
the second remainder. The product should be 
subtracted from the second remainder. This 
result of subtraction (say, 3rd residue) and the 
4th group (if exists) of the given number, pla- 
ced on the right side of it should be taken as 
the 3rd remainder. The Process is continued in 
the same way as discussed above till all the 
groups of the given number are fully used. 


Thus the required nth root of the given num- 
number is found out. 


Basic Principle of the Procedure 


Any arithmetical number can be expressed 
as the sum of the two numbers in the following 
way: 

Any arithmetical number = 10x number 
or numbers preceding the digit in the units’ 
place +- the digit in the units’ place. 

e.g. 37 = 10x3+7 
372 = 10x 37+2 ete. 
so by the Binomial Theorem, 
(37) =(30+7)® 
=(30)*+-6c, x (30)5! x 7+ 6c, 


x (30)? x 7? a. ET 
Similarly (372)°=(37 x 10-+.2)5 
=(370-+2)° ‘ 
= (370)? + 5c,(370)°1 x 2+ 5¢e9(370)** 
KPA aie +2° 


And the method proceeds with the help of 
the above principle. In determining the nth 
Toot of a number, first of all the groups are 
formed of n digits, because nth power of 4 
number (varying from | to 9) is another num- 
ber which consists of not more than n digits. 
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Particular Examples 


(i) Cube Root of a Whole Number : First of 
all, with the help of the method discuss- 
ed earlier, let us find out the cube root 
of a number. Let the number be : 
54427012333273. 

Short-cut Method of Calculation : 


Ist 3 (i. e. 8c,) x (3 x 10)? 

divider -+ 3 (i.e. 9c) x (3 x 10) x (7) 
+ 1 (ie. 8c3) x (7)* 

2nd 3. x (37 x 10)?+-3(37x 10) x (8) 


divider + (8)* 


3rd 3x (378 x 10)2-++3 x (378 x 10) x (9) 
divider + (9) 


4th 3 x (3789 x 10)? 

divider + 3 x (3789 x 10)x (7) 
+ (7)? 

Ist 2nd 3rd 4th 5th 


gr. gr. gr. gr. gr. 
54 
P| 


012 273 (37897) 


27427—first remainder 
23653 

3774012—-2nd remainder 
3357152 

416860333—3rd remainder 
386706069 


ee 
30154264273—4th remainder 
_ 301 54264273 


3 V=54427012333273 =37897 


Explanation of the Method : To find out the 
Cube root of the given integral number, first of 
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all, the line marks should be given in groups 
(as shown in the sum) consisting of three digits 
beginning from the digit in the units’ place. The 
first group, beginning from the left side of the 
given number may, however, consist of three 
digits or less than three digits. For this first 
group, we should try to find the relatively big- 
gest number varying from | to 9, the value of 
the cube of which does not exceed the number 
of this first group. The number, thus found out, 
should be placed on the quotient side of the 
sum. The value of its cube should be written 
under the first group and the value should be 
subtracted from the first group. The result of 
subtraction and the second group of the given 
number, placed on the right side of it, should 
be taken as the first remainder. 


Then the first divider is formed in the 
following manner : 


3 (i.e. 8c,) x (the first number written in the 
quotient side x 10)*+3 (i.e. 5c.) x (the first 
number written in the quotient side x 10) 
x (the first trial number) + 1 (i.e. %c,) x 
(the first trial number)? 


The first trial number, being the relatively 
biggest, (varying from 0 to 9, indicated by the 
circle in the first divider of the sum) should be 
chosen in such a way that the product of the 
first divider (formed in the above manner) and 
the first trial number does not exceed the first 
remainder. The first trial number, having been 
found out, should be placed on the first divi- 
der’s place (indicated by the circle in the first 
divider of the sum) as well as by the right side 
of the first number of the quotient side. Then 
the proudct of the first trial number (placed 
by the right side of the first number in the 
quotient side) and the total (i.e. the actual first 
divider) should be written under the first 
remainder. The product should be subtracted 
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from the first remainder. The result of subtrac- 
tion and the third group of the given number, 
placed on the right side of it, should be taken 
as the second remainder. 


Again the second divider should be formed 
in the following manner : 

3 x (the number consisting of two digits 
in the quotient side x 10)2 

+ 3 X (the number Consisting of two digits 
in the quotient side x 10) 

x (the second trial number) + (the second 
trial number)?. 


The second trial number, being the relatively 
biggest, (varying from 0 to 9, indicated in the 
sum by the circle in the second divider) should 
be chosen in such a way that the product of 
the second divider and the second trial number 
does not exceed the second remainder. The 
second trial number, having been found out, 
should be placed on the second divider’s place 
(indicated by the circle in the second divider of 
the sum) as well as by the right side of the 
second number of the quotient side. 


Then the product of the second trial number 
(placed by the tight side of the second number 
in the quotient Side) and the total (i.e. the 
actual second divider) should be placed under 
the second remainder, The product should be 


(ii) Fourth Root of a Number : 
number be 260144641 and its 
Toot is to be found out. 


Short-cut Method of Calculation : 


Let the 
fourth 
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Ist 4 (i.e. 4e,) x (1 x 10) 
divider + 6 (i.e, 4s) x (1 x 10)? x (2) 
+ 4 (ie. 4c3) x (1 x 10) x (2)? 
+ I (i.e. 4e,) x (2)? = 5368 
pe 
2nd 4 x (12 x 10) 
divider + 6 x (12 x 10)? x (7) 
+4 x (12 x 10) x CrP 
+(78= 7540663 
Ist 2nd 3rd 
gr. gr. gr. 
2 6014 464) (127) 
1 
16014 = —first remainder 
10736 


52784641—2nd remainder 
52784641 


Explanation of the Method : To find out the 
fourth root of the given integral number, first 
of all, the line marks should be given in groups 
(as shown in the sum) consisting of four digits 
beginning from the digit in the units? place, The 
first group, beginning from the left side of the 
given number may, however, consist of four 
digits or less than four digits. 

For this first group, we should try to find 
the relatively biggest number varying from ! to 
9, the value of the fourth power of which does 
not exceed the number of this first group. The 
number, thus found out, should be placed on 
the quotient side of the sum. The value of its 
fourth power should be written under the first 
group and the value should be subtracted from 
the first group. The result of subtraction and the 
second group of the given number, placed on 
the right side of it, should be taken as the first 
remainder. 


Then the first divider is formed in the 
following manner : 
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4 (i.e. 4c.) x the first number written in the 
quotient side x 10)? + 6 (i.e. 4co) x (the 
first number written in the quotient side 
x 10)? x the first trial number + 4 (i.e. *ca) 
x (the first number written in the quotient 
side x 10) x (the first trial number)* + 1 
(i.e. 4c) x (the first trial number)*. 


The first trial number, being the relatively 
biggest, (varying from 0 to 9, indicated by the 
circle in the first divider of the sum) should be 
chosen in such a way that the product of the 
first. divider (formed in the above manner) and 
the first trial number does not exceed the first 
remainder. The first trial number, having been 
found out, should be placed on the first divi- 
der’s place (indicated by the circle in the first 
divider of the sum) as well as by the right side 
of the first number of the quotient side. Then 
the product of the first trial number (placed by 
the right side of the first number in the quotient 
side) and the total (i.e. the actual first divider) 
should be written under the first remainder. 
The product should be subtracted from the first 
remainder, This result of subtraction and the 
third group of the given number, placed on the 
right side of it, should be taken as the second 
remainder. 


_ Again the second divider should be formed 
in the following manner : 


4 x (the number consisting of two digits 
in the quotient side x 10)°+6 x (the number 
consisting of two digits in the quotient side 
x 10)?x (the second trial number)+ 4 * 
(the number consisting of two digits in the 
quotient side x 10) x (the second trial 
number)? + (the second trial number)° 


The second trial number, being the relatively 
biggest, (varying from 0 to 9, indicated by the 
Circle in the second divider of the sum) should 
be chosen in such a way that the product of 
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the second divider (formed in the above 
manner) and the second trial number does not 
exceed the second remainder. The second trial 
number, having been found out, should be 
placed on the second divider’s place (indicated 
by the circle in the second divider of the sum) 
as well as by the right side of the second 
number of the quotient side. Then the product 
of the second trial number and the total (i.e. the 
actual second divider) should be placed under 
the second remainder. The product should be 
subtracted from the second remainder. This 
result of subtraction and the fourth group of 
the given number (if exists), placed on the 
right side of the result, should be taken as the 


third remainder. 

The process is continued in the same way 
as discussed above till all the groups of the 
given number are fully used. Thus the required 
fourth root of the given number is found out. 


(iii) Fifth Root of a Number : Let the number 
be 7551080188576213892916457 whose 
fifth root is to be found out. 


Short-cut Method of Calculation 
5 (i.e. °C) x (9 x 10)4 


Ist 
divider -+ 10 (ie. °C.) x (9 x 10)® x (4) 
+ 10 (i.e. C3) x (9 x 10)? x (4)2 
+5 (ie. °Cy) x (9 x 10) x (4)8 
+1 (ie. Cs) x (4)* 
2nd 5 x (94 x 10)* + 10 (94 x 10)8 x § 
divider + 10 x (94 X 10)* x 53? 
+5 x (94 x 10) x 5° + 54 
3rd 5 x (945 x 10)* + 10(945 x 10)® x 3 
divider + 10 (945 x 10)* x 3? 
+ 5(945 x 10) x 3° + 3# 
4th 5 x (9453 x 16)* + 10 (9453 x 10)8 
divider x 7 + 10 (9453 x 10)? x 72 


45 x (9453 x 10) x 73+ 74 
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Ist 2nd 3rd 4th Sth 


gr. gr. gr. gr. gr. 
7551080188576213892916457 (94537 
59049) 


1646180188 —Ist remainder 
1434140224 

21203996457621 = —2nd remainder 
19727477440625 


14765 1901699638929—3rd remainder 
119700023485502493 


279518782141 3643616457—4th remainder 
2795187821413643616457 


Explanation of the Method : To find out the 
fifth root of the given integral number, first of 
all, the line marks should be given in groups 
(as shown in the sum) consisting of five digits 
beginning from the digit in the units’ place. The 
first group, beginning from the left side of the 
given number may, however, consist of five 
digits or less than five digits. For this first 
group, we should try to find the relatively 
biggest number varying from 1—9, the value 
of the fifth power of which does not exceed the 
number of this first group. The number, thus 
found out, should be placed on the quotient 
side of the sum. The value of its fifth power 
should be written under the first group and the 
value should be subtracted from the first group. 
The result of subtraction and the second group 
of the given number placed on the right side 
of it, should be taken as the first remainder, 


Then the first divider is formed in the 
following manner : 


5 (i.e. °C,) x (the first number written in the 
quotient side x 10)* +10 (i.e. °C.) x (the first 
number written in the quotient side x 10) 
(the first trial number) +10 (i.e. °C,) x (the 
first number written in the quotient side x 10)2 
x(the first trial number)*-++5 (i, e. "ex 
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(the first number written in the quotient 
side x 10) x (the first trial number)* + | 
(ie. °C5) x (the first trial number). 

The first trial number, being the relatively 
biggest, (varying from 0 to 9, indicated by the 
circle in the first divider of the sum) should be 
chosen in such a way that the product of the 
first divider (formed in the above manner) 
and the first trial number does not exceed the 
first remainder. The first trial number, having 
been found out should be placed on the first 
divider’s place (indicated by the circle in the 
first divider of the sum) as well as by the right 
side of the first number of the quotient side. 
Then the product of the first trial number 
(placed by the right side of the first number in 
the quotient side) and the total (i.e. the actual 
first divider) should be written under the first 
remainder. The product should be subtracted 
from the first remainder. The result of subtrac- 
tion and the third group of the given number, 
placed on the right side of it, should be taken 
as the second remainder 


Again the second divider should be formed 
in the following manner : 

5x(the number consisting of two digits in 
the quotient side x 10)14-10 x (the number 
consisting of two digits in the quotient 
side x 10)*x the second trial number-+10 
(the number consisting of two digits in the 
quotient side x 10)? x (the second trial 
number)*+-5 (the number consisting of two 
digits in the quotient side x 10) x (the second 
trial number)*-+-(the second trial number)’. 


The second trial number, being the relatively 
biggest (varying from 0 to 9, indicated by the 
circle in the second divider of the sum) should 
be chosen in such a way that the product of 
the second divider (formed in the above manner. 
and the second trial number does not the 
exceed the second remainder. The second trial 
number, having been found out, should 
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be placed on the second divider’s place 
(indicated by the circle in the second divider 
of the sum) as well as by the right side of the 
second number of the quotient side. Then the 
product of the second trial number (placed by 
the right side of the second number in the 
quotient side) and the total (i.e. the actual 
second divider) should be placed under the 
second remainder. The product should be 
subtracted from the second remainder. The 
result of subtraction and the fourth group of 
the given number, placed on the right side of 
the result, should be taken as the third remain- 
der. The process is continued in the same way 
as discussed above, till all the groups of the 
given number are fully used. Thus the required 
fifth root of the given number is found out. 

(iv) Sixth Root of a Number: Let the number 
be 5567914722008521 whose sixth root is to be 
found out. 

Short-cut Method of Calculation 


Ist 2nd 3rd 
gr. gr. gr. 


008521 (421 


5567 91472 
4096 
1471914722 
1393031744 


—Ist remainder 


ee 
7888297800852 —2nd remainder 
7888297800521 

a 


Ist 6 (ie. °C,) x (4 x 10)° 

divider + 15 (ite. °C.) x (4 10)! x 2 
+ 20 (i.e. 8Cy) x (4 x 10)? x oA 
+ 15 (i.e. 8C,) x (4 x 10)? as 
+ 6 (i.e. °C,) x (4 x 10) x 2 
+ 1 (ie. 8Cy) x 2° = 696515872 
6 x (42 x 10)? + 15 (42 x 10% x 1 
+ 20 x (42 x 10)% x l% 

5 x (42 x 10)? x 

x (42 x 10) x 14 

= 7888297800852! 


3 
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Explanation of the Method: To find out the 
sixth root of the given integral number, first 
of all, the line marks should be given in groups 
(as shown in the sum) consisting of six digits 
beginning from the digit in the units’ place. The 
first group, beginning from the left side, may 
however, consist of six digits or less than six 
digits. For this first group, we should try to 
find the relatively biggest number varying from 
1 to 9, the value of the sixth power of which 
does not exceed the number of this first group. 
The number, thus found out, should be placed 
on the quotient side of the sum. The value of 
its sixth power should be written under the first 
group and the value should be subtracted from 
the first group. The result of subtraction and 
the second group of the given number placed 
on the right side of it, should be taken as the 
Ist remainder. 

Then the first divider is formed in the 
following manner : 

6 (i.e. °C,) x (the first number written in the 
quotient side x 10)°++15 (i.e. °C.) x (the first 
number written in the quotient side x 10)* 
x the first trial number+20 (i.e. °C,) x (the 
first number in the quotient side x 10)* x (the 
first trial number)*-++15 (i.e. °C,) x (the first 
number in the quotient side x 10)° x (the first 
trial number)*+-6 (i.e. °C;) x (the first number 
in the quotient side) x (the first trial number)! 
+] (i.e. °C,) x (the first trial number)’. 

The first trial number, being the relatively 
biggest, (varying from | to 9, indicated by the 
circle in the first divider of the sum) should be 
chosen in such a way that the product of the 
first divider (formed in the above manner) and 
the first trial number does not exceed the first 
remainder. Their first trial number, having 
been found out, should be placed, on the first 
divider’s place, (indicated by the circle in the 
first divider of the sum) as well as by the right 
side of the first number of the quotient side. 
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Then the product of the first trial number 
(placed on the right side of the first number in 
the quotient side) and the total (i.e. the actual 
first divider) should be written under the first 
remainder. The product should be subtracted 
from the first remainder. This result of subtrac- 
tion and the third group of the given number, 
placed on the right side of it, should be taken 
as the second remainder. 


Again the second divider should be formed 
in the following manner : 


6 x (the number consisting of two digits in 
the quotient side x 10)®+15x(the number 
consisting of two digits in the quotient side 
x 10)*xthe second trial number-+-20 x (the 
first number consisting of two digits in the 
quotient side x 10)* (the second trial num- 
ber)* x (the second trial number)®+-6 x (the 
number consisting of two digits in the quotient 
side x 10) x (the second trial number)! 
+ (the second trial number)°. 


The second trial number, being the relatively 
biggest, (varying from 0 to 9, indicated by the 
circle in the second divider of the sum) should 
be chosen in such a way that the product of the 
second divider (formed in the above manner) 
and the second trial number does not exceed 
the second remainder. The second trial number, 
having been found out, should be placed on 
the second divider’s place (indicated by the 
circle in the second divider of the sum) as well 
as by the right side of the second number of the 
quotient side. Then the product of the second 
trial number (placed by the tight side of the 
Second number in the quotient side) and the 
total (i.e. the actual second divider) should be 
Placed under the second remainder. The pro- 
duct should be subtracted from the second 
Temainder. This result of subtraction and the 
fourth group of the given number (if exists), 
Placed on the tight side of it, should be taken 
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as the third remainder. The process is con- 
tinued in the same way as discussed above, till 
all the groups of the given number are fully 
used. Thus the required sixth root of the given 
number is found out. 


(v) Seventh Root of a Number 


Let the number be 47219273189051281 
whose sixth root is to be found out. 


Short-cut Method of Calculation 


Ist 
divider 


7 (ie. "C,) x (2 x 10) 

+ 21 (i.e. 7Cx) x (2 x 10) x (4) 
+ 35 (ie. "Cy) x (2 x 10)4 x (4)? 
+ 35 (ie. "Cy) x (2 x 10)? x (4)3 
+ 21 (ie. *C,) x (2 x 10) x (4)! 
eT i.e. %Gy 56 (2) 10) x (4)° 
+1 (ie. 7C,) x 48 = 826617856 
7 x (24 x 10)8 

+ 21x (24 x 10)® x (1) 

+35 x (24 x 10)! x (1)? 

+ 35 x (24 x 10)® x (1)3 

+21 x (24 x 10)? x (1)! 

+ 7 x (24 x 10) x (1)5 

+ 1° = 1354558949051281 


2nd 
divider 


Ist 
gr. 


2nd 
gr. 


3rd 
gr. 


47219273189051281 (241 
128) 


3441927318—Ist remainder 
3306471424 


1354558949051281—2nd remainder 
1354558949051281 


—_——— 
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Explanation of the Method: To find out the 
seventh root of the given integral number, first 
of all, the line marks should be given in groups 
(as shown in the sum) consisting of seven digits 
beginning from the digit in the units’ place. The 
first group, beginning from the left side of the 
given number may, however, consist of seven 
digits or less than seven digits. For this first 
group, we should try to find the relatively big- 
gest number varying from | to 9, the value of 
the seventh power of which does not exceed the 
number of this first group. The number, thus 
found out, should be placed on the quotient 
side of the sum, The value of its seventh power 
should be written under the first group. The 
value should be subtracted from the first group. 
The result of subtraction and the second group 
of the given number, placed on the right side 
of it, should be taken as the first remainder. 


Then the first divider is formed in the 
following manner : 


7 (i.e. 7C,) x (the first number written in the 
quotient side x 10)®+21 (i. e. *C2) x (the first 
number written in the quotient side x 10)° 
x the first trial number + 35 (i.e. “Cs) * 
(the first number written in the quotient side 
* 10)! x (the first trial number)*+35 (ie. *Co) 
X (the first number written in the quotient 
side x 10)8 x (the first trial number)’ + 21 
(i.e. 7C,) x (the first number written in the 
quotient side x 10)? x (the first trial 
number)! +- 7 (ice. 7C,) x (the first number 
written in the quotient side x 10) x (the first 
trial numbery + 1 (ie. 7C;) * (the first 
trial number)°. 

The first trial number, being the relatively 
biggest, (varying from 0 to 9, indicated by the 
Circle in the first divider of the sum) should bs 
Chosen in such way that the product of the first 
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divider (formed in the above manner) and the 
first trial number does not exceed the first 
remainder. The first trial number, having been 
found out, should be placed on the first divi- 
der’s place (indicated by the circle in the first 
divider of the sum) as well as by the right side 
of the first number of the quotient side. Then 
the product of the first trial number (placed by 
the right side of the first number in the quotient 
side) and the total (i.e. the actual first divider) 
should be written under the first remainder. 
The product should be subtracted from the 
first remainder. The result of subtraction and 
the third group of the given number, placed on 


the right side of it, should be taken as the 
second remainder. 


Again the second divider should be formed 
in the following manner : 


7x (the number consisting of two digits in the 
quotient side x 10)®+-21 x (the number con- 
sisting of two digits in the quotient side x 10)° 
x (the second trial number) + 35 (the 
number consisting of two digits in the 
quotient side x 10)* x (the second trial 
number)? + 35 (the number consisting of 
two digits in the quotient side x 10)® x 
(the second trial number)® + 21 (the number 
consisting of two digits in the quotient side 
x 10)2 x (the second trial number)* + 7 
(the number consisting of two digits in the 
quotient side x 10) x (the second trial 
number)*-+ (the second trial number)*. 


The second trial number, being the relatively 
biggest, (varying from 0 to 9, indicated by the 
circle in the second divider of the sum) should 
be chosen in such a way that the product of the 
second divider (formed in the above manner) re- 
mainder. The second trial number, having and 
the second trial number does not exceed the 
second been found out, should be placed on the 
second divider’s place (indicated by the circle in 
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the second divider of the sum) as well as by the 
right side of the second number of the quotient 
side. Then the product of the second trial 
number (placed by the right side of the second 
number in the quotient side) and the total (i.e. 
the actual second divider) should be placed 
under the second remainder. The product 
should be subtracted from the second remain- 
der. This result of subtraction and the fourth 
group (if exists) of the given number, placed on 
the right side of the result, should be taken as 
the third remainder. The process is continued 
in the same way as discussed above, till all the 
groups of the given number are fully used. 
Thus the required seventh root of the given 
number is found out. 


Last of all, let the cube root of the number 
12 which is not a perfect cube be found out, 
upto two places of decimal. 
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Ist 3} xX 
divider + 3 


i 


2nd 3 x (22 x 10)? 
divider + 3 (22 x 10) x 8 
+ (8) 
ae 
Ist 2nd 3rd 
gr. gr. gr 
12. 000 000 (2.28) 
8 
4000 
2648 
1352000 
1204352 
147648 


Explanation of the Method: The process is 
same as in the case of a perfect cube. 

Only, as there is no number after the 
decimal point, three zeroes are taken to form 
each group after the decimal point as required. 

-. 3/12=2.28 (upto two places of decimal). 

Oo 


Taming Trichomoniasis 


Dr Micuaet J NortH 


Department of Biological Science, 
University of Stirling 


Trichomoniasis, caused by a parasite, has so far 
been somewhat neglected, though it afflicts many 
millions of people. Transmitted sexually, it is in 
many parts of the world more prevalent than any 
other infection carried that way. Research is now 
going on to unravel the metabolism involved and 
develop alternatives to present treatment, with 
the aim of curbing the disease and eventually 


eradicating it. 


ee 


Protozoa ARE the simplest form of animal life, 
each complete organism consisting of only one 
cell. Among them are many parasitic species 
that cause disease in man and his domestic 
animals. So they affect the lives of hundreds 
of millions of people throughout the world. 
Most of the human diseases attributable to 
them, including malaria, sleeping sickness. 
Chagas’ disease, leishmaniasis and amoebic 
dysentery, occur in tropical regions but pon 
are found throughout the world. One of Ey 
Most important is the sexually transmitte' 


disease (STD) trichomoniasis. Although much 
less attention has been paid to it than to other 
STDs such as syphillis and gonorrhoea, in 
many areas it is now more prevalent than any 
other STD. 

Trichomoniasis is caused by a parasite 
called Trichomonas vaginalis. This species is one 
ofa group of protozoa called flagellates because 
to travel they rely on a small number of fine long 
threads, known as flagella, which project from 
the cell. The parasite has a characteristic pear 
shape, is about 10 to 20 micrometres long and 
is found only in the human genito-urinary tract. 

T. vaginalis was first described in 1836 by 
the Frenchman Donne, but it was not until 
early in this century that it was recognised as 
being responsible for causing disease. Clinical 
trichomoniasis occurs a lot more often in wo- 
men this in men, the main site of infection 
being the vagina. Though it is not fatal, it can 
be an uncomfortable, unpleasant and embarras- 
sing condition which may impose an emotional 
burden and an economic one. Symptoms in 
infected women are variable but usually include 
severe discomfort, inflammation of the vagina 
and a vaginal discharge with a very unpleasant 
odour. 

Most statistics of the disease are probably 
underestimates ; it is thought that at least 180 
million people may be infected throughout the 
world, and that between 10 and 20 per cent of 
all women are affected at some time during 
their reproductive years. 

Whether 7. vaginalis is responsible for 
disease in men is still the subject of some 
debate. In most infected men the parasite cau- 
ses no symptoms and there is spontaneous 
recovery from infection without need for treat- 
ment. However, there are a number of reports 
that the parasite can cause conditions such as 
urethritis and prostatitis. : an 

Though evidence that trichomoniasis is an 


i arly established, infection sometimes 
pit ae other routes. For example, 
e infected during birth. 


ST a 
occurs r 
infants can becom 
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Trichomonas vaginalis, 
of the diagram. 


The flagella are seen at the top 


Diagnosis and Treatment 


Many of the symptoms of trichomoniasis are 
not unique to the disease. Some are equally 
common among women without trichomonal 
infection ; for example, they may appear in 
those suffering from other infections such as 
nonspecific vaginitis. Reliable diagnosis of the 
disease cannot be based solely on clinical 
appearance, 

It is also noteworthy that not only do few 
infected men have Symptoms, but up to 25 per 
cent of women carrying the parasite may show 
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no outward sign of infection. Diagnosis depends 
on detecting and identifying T. vaginalis cells 
by examining samples, taken from patients, 
under the microscope. But it can be tedious 
and time-consuming, and it is not easy to do 
where medical care is not well provided. So 
other diagnostic means are being investigated. 

One possibility is immunodiagnosis. This 
depends on the ability to detect antibodies 
which the body produces in response to T. 
vaginalis infection. Because the particular anti- 
bodies produced are likely to be unique, and 
not made in response to any infectious orga- 
nism apart from Be vaginalis, their presence 
should be a Specific indicator of trichomonal 
infection. 

Workers at several laboratories have been 
evaluating ways to detect such antibodies, both 
in serum and at the sites of infection. In work 
carried out recently at the London School of 
Hygiene and Tropical Medicine and at the 
Clinical Research Centre in Harrow, on the 
outskirts of London, an enzyme-linked immu- 
nosorbent assay (ELISA) has been tested. It is 
arapid and sensitive technique for studying 
and diagnosing Many parasitic diseases. Results 
indicate that the Correlation between infection 
and the presence of antibodies in the blood- 
Stream is better then that between infection 
and the presence of antibodies in vaginal and 
cervical secretions, 

Unfortunately, the body’s immune response 
to T. vaginalis, of which the formation of anti- 
bodies is a Part, is poor and variable ; it is still 
Not certain that immunodiagnosis can provide 
a practical answer. Further approaches to the 
improvement of diagnosis must be sought. 


Metabolism of Parasite 
Treatment of trichomoniasis depends al- 


Most entirely on drugs based on 5-nitroimida- 
zole. The most important one is metronidazole 


TAMING TRICHOMONIASIS 33 


(Flagyl°), introduced in 1960. The way it works 
depends on a particular feature of the metabo- 
lism of T. vaginalis. The parasite grows and 
obtains energy anaerobically, that is, without 
need for oxygen. It cannot even tolerate the 
amounts of oxygenin human cells. A large 
Portion of the parasite cell is made up of struc- 
tures called hydrogenosomes, enclosed within 
membranes, unique to 7. vaginalis and its close 
telatives. They play a key part in its anaerobic 
metabolism. One component of the hydrogeno- 
Some is a portein called ferredoxin, that con- 
tains iron and sulphur. 

It is believed that this protein is directly 
involved in the conversion of metronidazole to 
an active form in a process known as reductive 
activation. In its active form the drug kills the 
cells, perhaps by interfering with their genetic 
Material, deoxyribonucleic acid (DNA). So 
Metronidazole is toxic only to the parasite cells, 
because plotted for chemotherapeutic purposes. 


Structure of metronidazole, the main antitrichomonal 
drug, 


ive 
Metronidazole has proved to be a very ze of 
ee ses, with a fa 
99 © 12 People of both sexes, it is not 


20 to 95 per cent, But in this respect ie 
Ideal, There have an reports of side effec’ : 
and the possibility that the drug pene 
fancer has been discussed, though evidenc 
SUggests that it is not a significant ape ee 
Ore worrying is the percentage ° = 
"" which treatment fails. Though it is sm™ 


nevertheless represents quite a lot of patients 
because the disease affects so many. While the 
most common causes of failure the re-infection 
after treatment or complete treatment, other 
causes are to so with the drug itself. Its effec- 
tiveness may be altered because the vagina con- 
tains bacteria which are able to make the drug 
inactive. Certain chemicals, which may be present 
in the vagina through the metabolism of micro- 
organisms, can counteract the drug. A parti- 
cular worry has been the appearance in recent 
years of strains of 7. vaginalis that are resistant 
to metronidazole and are not killed by doses of 
the drug that normally work. They have been 
found in patients from several European coun- 
tries and from the United States. So far they 
are not a big problem but they are likely to be 
met with more and more often. 

Research to find out how strains are resis- 
tant to metronidazole has been going on in the 
Department of Zoology at the University of 
Glasgow, Jed by Dr. Graham Coombs. Two 
likely mechanisms have been revealed. In one, 
resistance seems to be caused by the parasite’s 
having only small amounts of certain enzymes, 
protein catalysts, which normally help it to 
keep free of oxygen. This means that oxygen 
may not be removed efficiently, so it gets into 
the hydrogenosomes, where it interferes with 
the activation of the drug. In the other ins- 


tance, there is probably less of the protein that 


activates the drug. 


Research into Metabolism 


Because trichomoniasis is still common in 
e of effective treatment being available, 

js still need for research into T. vaginalis. 
ae at deal of its biochemistry and physiology 
Aa s to be discovered, and it is not at all 
a ww it interacts with the cells and tissues 
ae om host to cause the symptoms of 
gi ais Dr. Coombs and I have recently 
tric! 


spit 
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started a detailed study of one part of T. vagi- 
nalis metabolism which may produce some 
answers as to how the disease is caused and 
might point to how diagnostic methods might 
be improved ; we hope it will offer alternative 
treatment. Our work, supported by the Medi- 
cal Research Council, is to do with metabolism 
of the proteins and amino acids in the para- 
site. 


Proteins are a main group of large molecules 
in all living cells. Some serve as structural 
components, and many of them are enzymes 
responsible for the chemical reactions of the 


ies 
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Amino acids in proteins are linked by peptide bonds 
which can be broken by proteolysis. R, Re and Rz indi- 
cate chemical groups which vary]from one amino acid 
to another. 

cells and their regulation; some can receive 
signals between cells and others are chemical 
Messengers. Every cell contains many different 
types of protein. 


All proteins are composed of so-called poly- 
peptide chains, formed from 20 different amino 
acids linked to one another by peptide bonds, 
The sequence of amino acids in the chains is 
defined by genetic information stored in the 
genetic material DNA, deoxyribonucleic acid, 
and is unique for each protein. 
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We have been studying how proteins are 
broken down. It happens when peptide bonds 
are split by adding water to the bond, a process 
known as proteolysis. Living cells produce 
enzymes called proteinases and peptidases 
which are able to catalyse this process; the 
proteinases work on peptide bonds in proteins 
and in large fragments derived from proteins, 
while peptidases act on peptide bonds in small 
fragments of proteins, called peptides, which 
are made up of only a few amino acids. Enzy- 
mes of the mammalian digestive tract such as 
pepsin, trypsin and chymotrypsis 
known examples of proteinases. 

No proteinase is able to break every bond 
in a protein. Each proteinase breaks only pep- 
tide bonds next to, or close to, one or a few 
of the 20 types of amino acid. The various pro- 
teinases need different amino acids. So, depen- 
ding on the proteinase, a protein can be broken 
into anything froma few large fragments to a 
large number of small ones, Suitable combina- 
tions of proteinases and peptidases can break 
Proteins down to discrete amino acids, But 
why do cells need these apparently destructive 


enzymes and what have they to do with 7. 
vaginalis ? 


are well 


Sources of Energy 


Living cells have a constant need for amino 
acids to synthesise new proteins and other 
essential cellular materials, for which certain of 
the amino acids are Precursors, In some cil- 
cumstances amino acids may also be needed as 
@ source of energy, Different cells get their 
Supply of amino acids in different ways, but 
Many rely at least in Part on proteins as 4 
Source. The proteins might be cellular ones 
that are no longer needed or they may come 
from material outside the cell, Whatever, their 
origin, proteolytic enzymes (proteinases and 


Peptidases) are essential to convert them tO 
amino acids. 
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However, proteolytic enzymes can be just as 


dead cells rupture, might be responsible for har- 


lmportant in altering the protein make-up of ming the vaginal tissues. 


cells by selectively removing specific proteins. 
That has to be done when changes take place 
m the way cells work. Proteolytic enzymes 
Need not be totally destructive and a small 
amount of proteolysis in which only a few pep- 
tide bonds, perhaps only one, are broken can 
alter the function of proteins and gives protei- 
Nases and peptidases the ability to do a regula- 
tory job. 


T. vaginalis has large amounts of proteolytic 
enzymes, compared with many other species of 
Protozoa. There is no evidence that it uses 
Protein as a source of energy or that it might 


Different proteolytic enzymes break different peptide 
bonds. Here, the letters represent sequences of amino 
ae in part of a protein. Enzymes 1 and 2 recognise 

ee acids A and C respectively and could be inhibited 
¥ suitably modified derivatives of those amino acids. 
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Chemical structures of amino acids arginine and orni- 
ethin and the amine putrescine which is secreted by T, 
vaginalis. Ornithine is the immediate precursor of put- 


rescine. 


One aim of our research is to test the possi-.; 


bility that proteinase and peptidase activity is 
linked with effects of the parasite. To look into 
this we are making a detailed analysis of the 
enzymes, to find out how many 
pes of enzyme are present, where 
they are within cells (because that has direct 
bearing on what they do), whether they are re- 
leased from the cells and whether purified pre- 
paration of any of the enzymes damage mamma- 


proteolytic 
different ty 


lian cells. 

We also want to know which types of pro- 
n the enzymes attack, for that should give us 
clues about their ability to barm mammalian 
cells and tissues. We are looking in detail, too, 
at the types of amino acid that the enzymes 
recognise When they break peptide bonds, 

Using all this information it may be possible 
to make chemicals related to amino acids that 
inhibit the enzymes. Tf proteinase activity is 

sential for the parasite to survive, such inhibi- 
ces might well be useful as trichomonocidal 


drugs. 


tei 
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Pathogenicity of Isolates 


To determine how important an enzyme is in 
the pathology of the disease, we have to find 
out whether or not there is any correlation bet- 
ween the amount of that enzyme in the parasite 
and the damage the parasite does. We are test- 
ing a range of isolates that have differing 
degrees of pathogenicity, to discover their levels 
of proteolytic enzyme activity. An essential part 
of the work is to develop suitable ways, using 
laboratory mice and mammalian tissue culture 
cells, to test the pathogenicity of various 7. 
vaginalis isolates taken from patient. 

Another explanation for the high level 
of proteinase activity is the need to provide 
amino acid, not for energy but to synthesise 
other chemicals. If the chemicals are essential 
to the parasite, drugs might be developed which 
block the synthesis. If the chemicals are linked 
directly with 7. vaginalis,detecting them might 
lead to a diagnostic technique. 

There are many chemical reactions to do 
with amino acids that happen in living cells, 
and little the known about what goes on it. T. 
vaginalis, One area of particular interest to 
us is the synthesis of amines, which are for- 
med from amino acids through loss of a car- 
boxyl chemical group (-COOH). Dr Sanderson 


and his colleagues at the research laboratories 
of May and Baker Ltd at Dagenham, near 
London, have shown that one amine, putrescine, 
is secreted by T. vaginalis during growth in cul- 
ture. Putrescine and other amines are present in 
the vaginal fluid of many trichomoniasis pa- 
tients and may have something to do with its 
decreased acidity which is a characteristic of 
trichomoniasis. Positively charged amines neutr- 
alise acids. So detecting amines might be use- 
ful in diagnosis; we intend to analyse vaginal 
fluid for other products of amino acid metabo- 
lism which also might provide useful indicators. 

Dr Linstead at the Wellcome Research 
Laboratories, near London, has already exami- 
ned the metabolism of one amino acid, arginine 
which is a precursor of putrescine. It is interst- 
ing that some of the chemical steps involved 
are quite different from those in human cells. 

The first aim of most of our work on pro- 
tein and amino acid metabolism is to find out 
more about certain aspects of T. vaginalis meta- 
bolism that have not, so far, been paid much 
attention. We already think, that such under- 
standing might improve diagnosis and help to 
develop alternatives to metronidazole, so that 


the harm the parasite does to many millions of 
people can be largely prevented. a) 


Analysis of Attitude 
Towards Mathematics 
of Over-and 

Under Achieving Girls 


Surja Kumari 


=! x 


One of the major affective variables which 
deals with academic underachievement in 
mathematics of over-and underachieving girls 
is their attitude towards mathematics. Attitude 
towards mathematics is defined as the degree of 
Positive or negative feeling towards the school 
subject mathematics. Brown and Holtzmen 
investigated the study of attitude for predict- 
ing academic success and suggested that, “A 
body of research on study habits and attitudes 
has drawn the conclusion that positive attitude 
towards school, and such as belief in the values 
Of intellectual persuit and of education in gene- 
tal are positively related to academic perfor- 
mance, The students who have interest in 
science will definitely get high scores in science. 
This is true for all academic subjects particl” 
larly mathematics. Generally, 4 positive atti- 
tude towards mathematics is reflected by the 
fact that it increases the tendency t© elect 
Mathematics in higher education oF t0 take up 
a career in mathematics related fields. An indi- 


vidual who has _ associated positive feeling 
towards mathematics is said to like that subject 
and consequently makes more efforts to achieve 
high score even in bad circumstances. It is, 
therefore, necessary to measure the degree of 
positiveness or negativeness of the attitude 
towards mathematics specially of over-and 
underachieving girls who have abilityt to excel 
in high cognitive tasks like mathematics, but 
fail to achieve according to their potentia- 


lity. 


The objective of the present study is to 
investigate the causes of underachievement of 
intelligent girls in mathematics. It was hypo- 
thesised that negative attitude is one of the 
major factors for their low achievement because 
positive or negative feeling plays a predomi- 
nant role in one’s thinking and working pat- 
tern. Thus the purpose of this research is to 
investigate the relationship of attitude to aca- 
demic achievement in mathematics and to 
throw light on the problems of determinants 
of underachievement of girls in mathematics. 


METHOD 


Sample 


The students of class VIII of the urban 
higher secondary schools for girls of the Union 
Territory of Delhi constitute the population of 
this study. The sample consisted of two schools 
each of three different types viz ; aided, unaided 
and Delhi Administration run schools, selected 
Class VIII has been selected because 
rtant and terminal stage of elemen- 
tary education. It is essential to search for the 
causes of academic underachievement at this 
stage so as to initiate remedial measures. If 
necessary precautions are observed, the factors 
related to low achievement might have less 


influence at the secondary stage. 
Over-and underachievers were indentified 
on the basis of the average academic marks of 


at random. 
it is an impo 
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two consecutive academic years and the score 
obtained on the Raven’s Standard Progressive 
Matrices (RPM) intelligence test. The marks 
obtained at the end of each academic year were 
the average of class tests and terminal tests, 
These tests are taken seriously both by the stu- 
dents and teachers since they are the basis of 
promotion to the next class. However, in order 
to eliminate the effect of other variables like 
illness, pupil-teacher bias etc. the average marks 
of two consecutive academic years that is class 
VI and class VII were taken. 

The underachievers were classified as those 
students who were below the mean of the popu- 
lation in achievement measure but above or on 
80th percentile rank on ability measure (RPM). 
The overachievers were those students who 
were above the mean of the Population in 
achievement measure but above or on 80th per- 
centile rank on ability measure (RPM). This 
criterion of underachievement is similar to the 
one used by Shaw and McCuen. The total 
sample constituted of 9] underachievers and 94 
over-achievers and the two groups did not differ 
in mean RPM scores. 


Measures 


In this investigation the girl’s attitude 
towards the learning of mathematics was mea- 
sured by the test ‘Ganit Vichar Patra’,* The 
fest consists of two parallel forms A and B, 
each containing 24 statements (12 Positive and 
12 negative) measuring the degree of Positive 
or negative affect associated with the learning 
of mathematics. The test measures both the 
direction of the affect that is Positive or nega- 
tive and the degree of the affect. The affect js 
measured on the eleven point scale from —5 
to +5 with 0 in between. One (1) indicates 
‘slight’ and five (5) indicates ‘extreme’ favou- 


*The test was developed by R.C. Gupta and is 
availabie at CIE library Delhi University. 


rable attitude and —5 indicates ‘extreme’ 
unfavourable attitude with zero (0) indicating a 
neutral attitude. The students had to puta 
tick-mark against each of the statement in any 
of the five columns. The five columns were 
marked at the top as (i) strongly agree, (ii) 
agree, (iii) neither agree nor disagree, (iv) dis- 
agree, (v) strongly disagree and the weights 
assigned were 5,4,3,2.1 respectively. Similarly 
the unfavourable statements carry the weights 
as 1,2,3,4, and 5. The sum of the weights on all 
the statements was the total score of the res- 
Pondent. Only form A was administered. 


Results 


The data collected was analysed for the 
evidence of any guess work on the part of the 
students and multiple ticks. This could be 
easily checked by comparing their scores on 
both favourable and unfavourable statements. 
A student who Strongly agrees with a positive 
Statement whose value is +3 should strongly 
disagree (or disagree) with the corresponding 
negative statement Whose value is —3, This 
Way the students guess work could be checked. 
The mean Performance of the two groups under 


ueideration on the test with the significance 
level is Slven in Table 1, 


i can be noted from Table | that the over- 
achievers show 


ec, “Positive attitude by scoring 

Be marks of 45.32 on the test. On the 
d, the average score of the under- 
; the difference of means 
ficant at ‘Ol level. The results 
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TABLE 1 


Mean(M,) Standard Deviation (S-D.) and Significance of difference of means of the two groups. 


Test Statistics UA(N=91) OA Sign of Diff. of Means 
(N=94) DOSEN ACR aeSicn 
M 27.53 45.32 17.79 97 18.34 §(.01) 
Attitude 
Scale $.D 5.35 7.30 
S.E. of M 2.9 4.5 
S.E. of S.D. 44 54 


UA-Underachievers OA-Overachievers 


vers. The reason of low performance on the 
test of the underachievers can perhaps be pin- 
pointed if we know the relationship of academic 
achievement to the attitude and intelligence. 
The coefficient of correlations between attitude 
and academic achievement in mathematics for 
the sample under study is given in Table 2. 


TABLE 2(a) 
Intercorrelations for Under achievers (N=91) 
Test * RPM — Att. Se. Math, Ach. 
RPM — 2" 43 
Att, Se, 12 0 —18 
Math. Ach 43 —18 - 


7 rr ee 


NOt Significant. 


TABLE 2(b) 
Tntercorrelations for Overachievers (N=94) 
fet RPM Att. Sc. Math, Ach. 
RPM, ry AG 55 
A. Se, o1* = 191 


S-Significance at ‘01 level. 


It is observed from Tables 2(a) and 2(b) 
that achievement in mathematics for both over- 
and underachievers is significantly related to 
the attitude. This indicates that attitude can 
surely affect the achievement score and make 
the students over-and underachievers. More- 
over, we notice that the relation between inte]. 
ligence and attitude is not significant. This 
shows that an intelligent student need not al- 
ways have aptitude for mathematics and their 
interests may lie elsewhere. In such a case the 
student does not strive to achieve the highest 
in mathematics and is contended with the 
average passing marks only. Such a student 
may depict neutral or sometimes unfavourable 
attitude. It is concluded that the achievement is 
significantly related to the attitude. 


Discussions 


The results concerning the attitude of over 
and underachievers towards mathematics 
do essentially replicat the earlier research 
findings that overachievers have more favour- 
able attitude towards the learning of mathema- 
tics than the underachievers. ‘The results also 
lend support to the hypothesized relationship 
between attitude and academic achievement in 
the area of mathematics. Research has wee 
ted the view that the degree of effort and the 
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kind of attitude brought to the study situation 
is significantly depicted in the achievement sco- 
tes. Thus we conclude that the positive or 
negative feelings of girls towards the school 
subject mathematics is significantly related to 
their achievement score. The factors respon- 
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sible for negative attitude towards mathema- 
tics amongst some intelligent girls needs to be 
explored further. Future investigations in this 
area should look into the possible factors like 


home environment, school environment and 
peer groug values. 
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Science News 


New insight into regeneration of limbs 


Scientists believe they are moving towards 
understanding how some creatures are able to 
regrow lost or defective limbs. 

It is known that amphibians have an ability 
to regrow lost limbs, but until recently it had 
been accepted that if a human or any other 
mammal lost a limb there was no way it could 
be regrown. In the light of this, the medical 
world has concentrated on perfecting methods 
of using microsurgery to sew back fingers,toes 
and even complete limbs that have been ripped 
off in accidents. 

Why some species are able to regenerate 
lost part has been the subject of research for 
years. It is thought by some scientists that re- 
growth is regulated by some particular bioche- 
micals which are released at the site of the 
damaged or lost limb. Likewise, limb growth 
in humans or animals might be similarly stimu- 
lated in their early development. 

After unsuccessful worldwide searches spa- 
nning many years for such a boichemical, a five- 
man team from the developmental biology divi- 
sion of the U.K. national Institute for Medical 
Research says it had identified a class of chemi- 
cals that show many of the properties needed 
for controlling growth. The research by Dr. 
Malcolm Maden and his institute colleagues is 
a collaborative venture involving more than 20 


scientists from teaching hospitals and university 
departments in London, Birmingham and Los 
Angeles (U.S.A.). 

The discovery of the class of chemicals known 
as retinoids, just reported in the annual report 
of the institute, comes from applying advances 
in modern biological methods to the question 
of the development of animals. Dr. Maden’s 
studies show that when the correct amount of 
retinoid acid is added to the water in which 
amphibians are living, then regrowth can be 
controlled. The limb will not just grow as a 
new wrist and a new hand, but a complete new 
arm or leg can be produced. 

The finding supports the idea that when the 
chemical is in correct amounts at that part of 
the body where limb bud cells are present, re- 
growth takes place. As the limb grows longer, the 
chemical diffuses outwards and so concentration 
gets less. This means a high concentration is 
needed for the development of a shoulder, but 
a smaller concentration is needed to from an 
elbow and then a lower arm. wrist and a hand. 

The institute’s annual report says ways have 

now been found to duplicate and extend many 
earlier experimental findings. “This has given 
us an entry into the study of control mechanisms 
at the molecular level”, it continues. “In the 
long term, this work will be relevant to under- 
standing the mechanisms by which normal tissue 
pattern is altered in cancer and birth defects, 
and what are the factors that limit the regene- 
ration of lost or defective organs”’. 


British schools use more computers 


Tue “mighty micro” has become established 
as an everyday teaching tool in 98 per cent of 
British secondary schools, according to a 
Government-funded survey published by the 
BBC Educational Broadcasting Service Research 
Unit. It shows that a typical school for pupils 
aged 11 and above has nine microcomputers— 
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overall about one for every 100 pupils—and 
that most of the younger students have “hands 
on”? experience. 

The government-funded Microelectronics 
Education Programme (MEP) is now seeking 
proposals from software producers for educa- 
tional packages that make use of the next gene- 
ration of machines. So far, the software effort 
has been directed to eight-bit computers, but 
now proposals for 16-bit models are being 
sought to enable a development contract to be 
awarded by the MEP. 


The BBC survey shows than science and 
"mathematics departments are making the most 
use of computers, followed by geography 
and business studies, but all subjects, including 
history, music and languages, have somebody 
somewhere using microelectronics as a learning 


aid, 


Monitoring the environment from space 


A BritisH company is Playing a vital role in 
the collection of scientific data in an inter- 
national programme to Monitor the world’s 
environment using orbiting satellites. 

Partechs Electronics Ltd., of St, 
(South-West England), is Providing data- 
collecting stations for 4 cooperative 
programme between the Central National 
d'Etudes Spatiales (CNES, France), the US. 
National Aeronautics and Space Administration 
(NASA), and the U.S, National Oceanic and 
Atmosphere Administration (NOAA). 

Partech’s collection stations can take the 
form of free-drifting marine buoys, used with 
deep-sea drogues for observing the Ocean 
currents of the world, or can be fixed land- 


Austell 
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based stations monitoring environmental situa- 
tions or conditions. 


Satellities orbiting the earth on polar orbits 
measure the frequency sent by the station’s 
transmitter terminal to give its location and 
then receive sensor data while they are visibly 
passing over the terminal. This information is 
Stored on board the satellite together with the 
day and time of reception of subsequent re- 
transmission when it passes over its ground 
telemetry station at the end of an orbit. 


The data is then transferred to CNES in 
Toulouse (South-West France) for processing. 
Here, computation of the platform position and 
velocity is performed together with any mani- 
pulation to the sensor data that may be requit- 
ed. The data is then forwarded to the users i? 
the form of a computer Print-out by tape or in 
hard copy, sent by post or telex direct. 

The system provides data-collecting ability 
anywhere in the world, as a station can be a 
collar on a polar bear a tag on a whale, or 4 
land-based Station monitoring water levels in 
Temote and inaccessible jungle areas where an 
eye has to be kept on water supplies, reservoirs 
or collection areas, Other applications include 
the provision of Temote-location meteorological 
data (such as barometric pressure, wind speed 
and direction and temperature), monitoring the 
Position of a drifting iceberg, flood warnings 


and support for international scientific expedi- 
tions, 


A vaccine against genital herpes 


tea Years’ research and five years of trials 


i 
em Es vaccine against genital herpes t? 
ighly effective, The so-called “Skinnef 


vaccine” has been developed by a British tea 
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of scientists led by Dr. Gordon Skinner in the 
medical microbiology department at Birmingham 
University. 

Dr. Skinner claims that the vaccine is 99 
per cent effective and hopes that a new word, 
“antigenoid”, will be accepted for the vaccine 
because it describes the antigen-like substance 
which stimulates the body’s defences. 

Genital herpes has spread rapidly during 
the past decade, and most major cities through- 
out the world are affected Dr. Skinner feels that 
the occurrence of the disease is accelerating and 
in the U.K. he estimates that as many as 90,000 
people may be suffering from this infectious 
disease. 

A sample of 400 men and women were 
treated with the vaccine, including those who 
had suffered a herpes attack and those at risk 
of contracting the disease from sexual partners. 
A course of three vaccinations was given at 
three-week intervals and no side-effects were 
Teported, 

In the course of the trials, it has been found 
that women with genital herpes have four times 
the risk of sufferning from cervical cancer. 
Laboratory tests using the “Skinner vaccine” 
have suggested that the incidence of cervical 
cancer can be reduced by up to 40 per cent. 


Nasal Spray trial for smokers 


A ; 
irae treatment to help people give UP 
oking is to undergo trials at London's 


audsley Hospital. 
nee Maudsley research team believes that : 
(ese an of the vasopressin analogue DGAV 
the gq _@Mide-arginine-vasopressin) could help 
"ation ae cent of smokers who lose concen 
en they try to give up the habit. This 


NEWS 43 
40 per cent has been found to have lower 
vatopressin levels than those who do not report 
the attention-loss symptoms and have low 
vasopressin levels after abstinence from ciga- 


Tettes 
Nicotine is known to boost levels of 


circulating vasopressin, so chronic smokers 
could be on an artificial vasopressin “high’’. 

The researchers are to investigate the effects 
of a once-daily sniff of the analogue and are 
currently recruiting smokers for a placebo-con- 
trolled trial to see whether it is deficiency of 
vasopressin which causes the problem. If so. 
use of the nasal spray could help tide over those 
deficient in vasopressin. 


Using nature to disarm cyanide 


Tue problem of what to do with dangerous 
waste cyanides left over from industrial pro- 
cesses may soon be answered by a new technique 


that mimics nature. 
Although cyanide is a particularly nasty 
chemical that can kill very rapidly, it is never- 
theless used in a variety of industrial processes 
ranging from making synthetic fibres, rubber 
and plastics to hardening iron and steel. Asa 
result, there are hundreds of tanks of waste 
cyanide dotted around most industrial coun- 
tries. 
The new method for disarming the poison- 
ous content of cyanide was originally developed 
ity near London, but it is now 
basis of a pollution control 
It up by Britain’s Imperial 
Chemical Industries (ICI). The industrial group 
as the first of a range of biotechnology 


es it a : 
8 esses that will be engineered to make safe 
moe m the oil, petrochemical and 


the effluents fro 
chemical industries. 


at Kent Univers 
being used as the 
business being bul 
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An ICI spokesman said of the cyanide pro- 
blems : “Once these wastes would simply have 
been dumped in the nearest canal, but with 
today’s stricter controls, many businesses find 
themselves with quantities of waste cyanide on 
their hands, without the slightest idea of what 
they do with them. Now ICI, Britain’s largest 
chemical company, has developed an economi- 
cal and effective process for breaking down 
cyanides into harmless substances, using an 
approach which is taken directly from nature.” 

Professor Christopher Knowles, who led the 
research at Kent Uuiversity, explained: “It is 
an elegant process and a simple one. A range 
of natural organisms produce cyanide while 
others are able to degrade it. Twenty per cent 
of all plants produce cyanide, for example, 
using it as a defensive mechanism to ward off 
micro-organisms which would otherwise invade 
damaged leaves. We knew some fungi and 
bacteria seemed to be able to get around this 
defence by breaking the cyanide down into non- 
toxic formamide. Once we had realised that, we 
began to wonder whether there might not be 
some commercial applications of this natural 
detoxification process.” 

ICI research scientists started work on the 
idea in 1982 by screening nine different types 
of fungus in search of the sort of natural 


activity needed to detoxify cyanide. One parti- 
cular strain was eventually chosen and a_ pilot 
production plant set up last year produced 
enough of the fungal enzyme to test on cyanide 
effluent samples. The results were encouraging 
enough for ICI to plan a large-scale trial of the 
enzyme. 

ICI says the enzyme has proved effective in 
treating a range of different strengths of cyanide 
effluent. It plans to start selling it later this year 
and is predicting a potential market worth tens 
of million of doliars in North America, Europe 
and Japan. 

The process is one of four developments 
named as winners of this year’s U.K. Pollution 
Abatement Technology Awards, which were 
presented in London on March J8. The award 
scheme, promoted by the U.K. Confederation 
of British Industry, the Department of the 
Environment and Royal Society of Arts, was 
launched last year. ICI won another of this 
year’s awards with a new type of hand-held 
Sprayer: pesticide spray droplets from it are 
electrically charged and dynamically attracted 
to the crop. 

Other award winners were a simple water 
treatment system for third world countries and 


a process for turning waste asbestos into a 
totally non-toxic glass. 5 


Book Review 


MEGNAD Sauna - The Man and Scientist 
by Santimay and Enakshi Chatterjee, 
National Book Trust, 1984. pp 140, 

Price : Rs. 11,00 


CONSIDERING the paucity of biographical mate- 
rial on Indian scientists, the appearance ofa 
good biography is always welcome. The book 
on Megnad Saha, brought out by National 
Book Trust is a useful addition to this genre 
of books. 

This is not the first biography on the noted 
Indian scientist. There have been others by 
D. S. Kothari, Jagjit Singh and others, but they 
have been more in the nature of biographical 
sketches rather than a full length biography. 
This book by the husband and wife team of 
Santimay and Enakshi Chatterjee, fulfils a need 
and does give an insight into Saha’s life, both 
asa scientist and asa man. They have been 
largely successful in their attempt to “record 
his many sided activities” as a strugling stu- 
dent, as an internationally known scientist at 
the young age of 34 and as a member of the 
Lok Sabha towards the end of his life. 

The sketch of Megnad’s birth in a small 
village Seorotali on 6 October 1893, gives a 
fascinating glimpse of the village life of East 
Bengal inundated by the river during the mon- 
soon season, when the only means of travel 
was a boat. The night Megnad was born was 


“stormy amidst the lashing of rain and thunder 
and the howling wind blew off the thatched 
roof of the cottage where the newborn lay 
huddled in the arms of his mother’’. In reve- 
rence to the rain god, the boy was called 
“Megnad”. 

As a boy, Megnad was forced to walk with 
his father to sell groceries. But along with 
these, he would carry his books to read, when- 
ever there was any opportunity. Megnad’s love 
of books, his extraordinary memory and fard 
work prevailed over the many hurdles he faced 
and he passed the school examination standing 
first in East Bengal, now Bangladesh. His 
subsequent path towards becoming a scientist, 
was relatively smooth. With scholarships and 
assistance Of his teachers who saw genius in 
him, he passed the Intermediate examination 
and joined the Presidency College in Calcutta 
for his graduation. He was lucky to have well 
known teachers like J. C. Bose and P. C, Ray 
and fellow students like S. N. Bose, who, subse- 
quently became an internationally known Phyi- 
cist like Saha himself. 

After a few years of research, both Bose and 
Saha, were appointed Lecturers in Physics in 
University College of Science, Calcutta. C. V. 
Raman was also working as Palit Professor of 
Physics. But Saha did not work with Raman. 
Rather, he started work on the solar spectrum 
and ionization problems of gases in the sun. 

It is in this field of thermal ionization, that 
Saha made pioneering and lasting contributions. 
His work was described by the famous astro- 
nomer Arthur Eddington as the “12th most 
important landmark in the field of Astrono- 
my”. He acquired world fame and was made 
Fellow of the Royal Society at the young age 
of 34. 


Along with his academic pursuits, Saha was 
beginning to show signs of another trait—to 
pick up controversies with authorities and other 
scientists with whose opinions, his views did 
not match. His differences with Raman, led to 
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his leaving Calcutta for Allahabad University 
where he led a productive life as a scientist and 
teacher of illustrious students like Kothari, 
K. D. Malaviya, Majumdar and others. But a 
few years later he came in conflict again, this 
time with the Allahabad University authorities. 
He decided to leave Allahabad and rejoin 
Calcutta University as the Head of Physics 
Department. 

Saha was not the man to remain confined 
“to the ivory tower of research and teaching”. 
He was beginning to think of the role of science 
and technology in the development of the coun- 
try. He decided to organize the scattered scien- 
tific activities into a consolidated force. This 
led to the establishment of Indian Academy of 
Sciences which after Saha’s death was renamed 
Indian National Science Academy (INSA). He 
also formed the Indian Science News Associa- 
tion and the journal “Science and Culture” in 
which he aired his views on science and scien- 
tists. 

Saha was also beginning to take interest in 
the emerging field of Nuclear Physics. Realizing 
its increasing importance, he felt that India 
should also start work in this area which was 
developing rapidly in European and American 
Institutes. But realizing the indequacy of the 
existing infrastructure of the University, Saha 
worked for the formation of a new Institute of 
Nuclear Physics. Thanks to Saha’s prescience, 
we have today in Saha Instt. of Nuclear Physics, 


a recognized place for doing good quality work 
in the area, 


While Saha wanted science and technology 
to play its part in the Progress of the country, 
he was not an ideal visionary who had only 
Tomantic ideas, Rather, he had concrete propo- 
sals and plans. In these he came in conflict 
with Mahatma Gandhi's concept of cottage 
industry. What Saha advocated was the Russian 
model of industrial planning, not the cottage 


industry approach of Gandhi. 

From his involvement in general develop- 
ment policies to his entering Lok Sabha was 
perhaps a logical step. Although he was close 
to Nehru personally, he was not an acceptable 
candidate of the Congress party because of his 
criticism of Khadi and the spinning wheel. In 
1952, he contested as an independent candi- 
date from Calcutta and won with a huge majo- 
tity. His tenure in the Lok Sabha was a brief 
but stormy one. He died of a stroke on 16 Feb. 
1956 on his way to the Parliament. 

In the course of this well written biography, 
the authors bring out interesting details of 
Megnad’s work and personality. For example, 
when Saha returned from his tour of USSR, he 
asked his students if they knew anyone by the 
name of Nargis. At the time of his visit, the 
Hindi film “Awara” was Tunning to capacity 
crowds in USSR. When Saha was asked about 
its leading actress, he had to profess total igno- 
rance of her. Unlike his friend S. N. Bose, 
Saha had little interest in music, dance or films. 
He also did not care about his appearance. As 
the authors write, he wore a coat “ 
two sizes too small for him”. 

But perhaps the most interesting aspect of 
his personality was his attitude towards Hindu 
teligion and his love-hate Telationship with it 
throughout his life. Saha had spent 20 years of 
his life studying the Vedas, the Upanishads and 
Hindu astronomical texts. But he could nou 
tolerate the hypocrisy and cant that characte- 
tized many of the caste Hindus. The authors 
write “His home at Seorotali had a puja room 
and his family observed all the traditional reli- 
gious practices, Yet, Saha was singularly intole- 
rant of religious rituals. As aresult of the 
discriminating attitude of caste Hindus, he had 
built up his own defence mechanism. The 
Psycological scar remained an unseen and per- 
haps an unconscious Source of challenge, never 
letting him rest or take things easy”. 


that was 


x3 


4 
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The book refers to a passage from the Sans- 
krit work, ‘‘Rasandra Chintamani” which Saha 
used to quote often. The passage which isa 
long one, means in part : 


“I have heard much from the lips of 
Savants. I have seen many formulae well esta- 


blished in scriptures, but I am not recording 
any, which I have not done myself. They alone 
are to be regarded as teachers, who can show 
by experiments what they teach. ..”. 

Perhaps, it was this attitude, above all, 
which most personified the life of Megnad 
Saha. go 
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Galileo 


It was a time of strong beliefs. Many feared the new ways. If ideas and theories had — 
for so long they must be correct. In the universities and monastries scholars ects 
almost without change, the scientific notions first taught by the Greek philosopher sae 
over seventeen hundred years earlier. His theories were considered the accepted os 
were not to be questioned. The world believed that the earth was stationery and the 
moved around it. 

But one man was to deal 


: : P F 5 an was 
a mighty blow against Aristotle’s science. The m 
Galileo Galilei, born at Pisa, 


Italy, not far from Florence, on February 15, 1564. 
Son cf a mathematician father, Galileo cou 
taught to him. His was a curious 
the ‘why’ of things, 


ing as it was 
Id not even as a child accept es naw 
mind. He probed, experimented and wanted 


Yealts later, Bertor Brecht’s Galileo w 
age in which it is a joy to be alive’’, 
minds. Supersition and plague. 
For everything moves,. wes 


t 

awned, a grea 

ent cn to froclaim—‘‘A new era has nee men’s 

and also “The cities are narrow and so 4 main So. 
oe . - e€ 

But now we Say: because itis so, it will not 


Before he was eighteen years old, 
student. But his fame was to reste 
of the greatest astroncmers of the 


: . . . a medical 
the university of Pisa accepted Galileo as 


aimed as one 
Isewhere, The youngman was to be acclaim 
world. 


ame deservedly earned by Galileo, discoverd er 
td Ostillio Ricci, court magician to the Grand Du vibe 
© boys of the palace. He first discovered the laws © HO= 
© stopping him. From the law of falling bodies, mt 
© four moons of Jupiter, phases of Venus, to the proo 


ng ride of fame, glory and discoveries for Galileo. 

But his theory that the earth moves breught forth a Tare controversy. It was not easy ce 
some to accept it as against that of Aristotle. His book ‘Dialogue’ was banned and sites 
sixty-nine year old man, struck with shock and arthitis was summoned_to appear ence 
Inquisition. A broken man, he confessed, “I do not hold, and have never held the opinion 
of Copernicus’. In his own heart, Galileo 


: di 
knew he had confessed falsely—The earth 
move. 


But his work was being acclaimed all ov, 
constanly being brought out. His 
law passed by men can bury it” 
theory of Aristotle. 


* were 
et the world. Translations of his books no 
Proclamation that—“The truth cannot be crushed. the 
» Was coming true. Some men had begin to question 


Tradegy stuck the great master and he went blind 
the Two New Sciences’ was published in Holland. 
physics. When the winter of 1642 brought feverish j 
help him in his weakened old age. 


in 1937. Later his book ‘Discourses 0” 
This was the first book on ee 
Ilness to him, no power on earth cou 
Wearily he breathed his last on Jan. 8, 1642. 


Important Dates in Galileo’s Life 


February 15, 1964 Galileo born in Pisa, Italy. 


1583 


1589 
1591 
1606 
1609 


! 1610 


1615- 
1616 


1632 


1633 


1637 
1638 


1642 


Discovered the laws of the pendulum. 


Appointed Professor of Mathematics at the University of Pisa. 


Experimented on falling bodies from the Tower of Pisa. Left the University of Pisa. 


Published book explaining use of the proportional compass. 


s the first one to use such an instrument to 


Summer : constructed his spyglass, and wa ; : 
glass, and decided it 


study the heavens. Autumn : studied the moon through his spy, 
was shining by light it received from the sun. 


January : Discovered the four moons of Jupiter. March : published Messenger of the 


Stars telling of his discoveries by means of the spyglass. Autumn : Appointed as 
Court Mathematician to Cosimo II, Grand Duke of Tuscany, and returned to live in 


Florence. Discovered the phases of Venus and saw t 
theory. 


his as proof of the Copernican 


December to February : revisited Rome. Told to stop teaching the Copernican 


theory that the earth earth moved around the sun. 


February ; Dialogue on the New World Systems published. August : Dialogue 


banned. 
e Inquisition in Rome. June : Denied he believed 


Februa : Examined by th i 
ebruary to June : Examined by at Arcetri for the rest of his 


in the Copernican theory. Sentenced to house arrest 
life. 


Became blind. 


Discourses on the Two New Sciences published in Leyder Holland. This was the first 


book on modern physics. 


January 8—Died at Arcetri. 
Abha Sinha 
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, 
Everytime we look through a telescope or do an 
experiment in science, he smiles at us with 
approval. 


He is known for many scientific discoveries. 
Among them are the laws of pendulum and 
falling bodies, astronomical discoveries, the 
hydrostatic balance and the first air thermometer. 


His book “Discourses on the Two New Sciences” 


on modern physics was published in Holland. He 
was Galileo Galilei, 
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